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PREFACE 


This book is based on a senes of lectures gi\en to students at 
the Dental School of Unixersitj College Hospital London and the 
Lmversity of Oxford Medical Scliool In presenting it we hope that 
it wall assist not only those seeking an introduction to anassthetics or 
prepanng for their final examinations but also the medical or dental 
practitioner who desires to refresh liis knowledge of the essentials of 
general anaisthesia 

Tlic lack of a text book suitable as a supplement to undergraduate 
lectures and the practical lessons learned in the operating room has 
induced us to attempt a statement of tlie foundation of principles 
underljang the administration of anasthetics m general Tlie case 
histones cited ho\\e\cr in the main ha\e been chosen deliberately 
from the field of dental surgerj since the art of dental anasthesia is 
often much neglected and in our opinion a master) of the difficulties 
encountere<l there wall help the anarsthelist to understand and 
ONcrcome manj of the problems lie is hkclj to meet m ana»- 
thesia for operations on other parts of the bod) In order to 
clanfy the descnptions gi\cn in the text wc haNe made full use of 
illustrations 

Tlie standard of administration of 30 * 651110110 $ b) thefamil) doctor 
IS a standing joke between dentists and is frequentl) a matter of 
comment among general surgeons Although the cnticism is ainpl) 
justified the reproach itself is unfair inasmuch as a general practitioner 
lias little more opportumt) of reaching the standard attained b\ the 
specialist in anasithetics than he has of becoming a '=peCTahst in an) 
other branch of mediane orsurger) It must be admitted howc\cr 
that tlie average doctor while fulK recognising that he has something 
to learn in other fields i> apt to l>c unduK complacent about his know 
ledge of anaisthcsia and the technique of its admini tration cspecnl!) 
for dental operations 

At man\ general hospitals extractions are performed onl) m casc-s 
of emergenev non urgent work is referred to dental hospitals The 
doctor s carl) c\*penence in an'tsthesia for dental work is often there 
fore confinctl to the administration of nitrous oxide in ca«cs where an 
acute alvTolar abscess necessitates extraction of a tooth '^uch an 
contraction is usualU casv and a short and not nccessanl) skilful 
anasthe'-n frequtntU ^ulfices Tlie axtngc methcal student has in 
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fact, little opportunity of seeing, and far less of practising, the refine- 
ments of anJESthesia required for operations m the mouth We ha\e 
therefore mcorporated m this book practical hints \\hich should prove 
useful to the general practitioner with limited expenence of this subject, 
and even to the anesthetist who devotes but little of his time to this 
branch Gone are the days when it was considered sufficient for the 
doctor to present the dentist with an unconscious patient and then to 
walk round the room, leaving the supervusion of the patient and the 
extraction of the teeth to the dentist The production and mainten- 
ance of surgical anresthesia should be regarded both as an art and as a 
science , in dental \i ork particularly the former plays an important 
role, and the anjcsthetist must realise that it is bis duty to co operate 
with the dentist m every possible waj 

TTie ansesthetist must tram nimseU to recognise at a glance the type, 
temperament, and physical condition of the patient He must know 
the significance of breathlessness, of oxiema of protruding eyes, of 
plethora, and of anamia , and he must recognise the signs of alcoholism 
He ss"!!! soon learn that pallor does not necessarily indicate anzemia, 
nor a rapid pulse cardiac disorder He roust interpret correctly the 
cause of any cyanosis which may develop during anesthesia, and be 
technically expert enough to deal with all the mcidents, whether grave 
or trifling, which may occur dunng narcosis He must be constantly 
alert to oteene every indication, however small, of a change in the 
patient s reactions to the anesthetic, and he must be alive to the 
importance of maintaining a clear airway He has the entire 
responsibility for the patient’s safety dunng unconsciousness and 
thus for his life, and this responsibility is no whit less senous 
dunng anesthesia for dental extractions than dunng anesthesia 
for more se\ere operations This is often inadequately appreciated, 
since the patient is rarely ill and the operation general!} lasts onlj 
a short time 

The anesthetist has always three people to satisfy — the patient, 
the surgeon, and himself Although it t» to be hoped that he wdl never 
succeed m satisfying himself completely, he can succeed in safe- 
guardmg his patient and, if he fortunate, m satisfying the surgeon 
or dentist with whom he co-operates 

\Vc are greatly indebted to Miss Matyone R Gibson for her in- 
valuable care and patience ro dealing with our manusenpts, and to 
Miss M C McLarty for her skill and attention to detail m the prepara- 
tion of the majority of the illustrations Our thanks are also due to 
Miss A J. Amott for the remainder of the drawings, to Miss 7 - 1 . 
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Hcmng Sha\% for the photographs and to Mrb A P Duncum for 
assistance mth the chapter on history 

As an'csthetists frequently refer to nitrous oxide carbon dioxide, 
and oxjgen bj their chemical sj’inbols ne have used these abbrevaa 
tions (NjO COj and Oj) where v\e might have done so m conversation 
or in making case records 

R R Macintosh 
Fkedv B Pr,\tt 

Oxford 

Sovimhtr 1940 


PREFACE TO SECOND EDITION 

Tilt demand for earlj a Second Edition confinns our opinion that 
there is a need for a book dealing with the basic pnnciples of general 
anajsthcsia Many of those who became readers, because they were 
called uj>on to «cr. e as anah.thctisls m the pre ent cmcrgcncv although 
pcrhajis tliej had gi\ on but few anaesthetics «:ncc their Rtsulent da} s 
iiavc written to us that the book enabled them to anrstlicti c witli 
greater safet} and confidence has decided us not to alter its scope 
Although the name of one of us has been changed her identit} is the 
same 

R R Macintosh 
I KFPV B Bvnnister 

Oxford 

N<jr/ nler 1941 


PREFACE TO THIRD EDITION 
\\ I had con ulcred expanding tin-' book but its reception m its 
pre i.nt fonn has sliowai the continuerl need for a practical book 
confining itself to essentials Tlic general arrangLment and «cope 
of the book therefore remain unchansjed 

W e arc indebted to ciur frutuU for con trucliv c critici m as a n ult 
of which as well a« man} small cliangcs throughout con idcrable 
alterations hav e liecn made in the text and illustrations m the chipteri. 
on Reducing \aUt‘s and Analgi la \lso wt have adtlcd a chapter 
on the Oxforel \ ajwn er 

R K Macinto h 
Tri d\ B Bvnxim! k, 

OxroBt 

>943 
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CHAPTER I 

HISTORY OF ANAESTHESIA 


Man’s attempts to produce insensibility to pain are of very long 
standing The Assynans were aware of the anodyne and soponfic 
properties of poppy and mandrake,* and we know from the Homenc 
reference to nepenthes’ tliat the Greeks alle\iated mental, and prob- 
ably physical, suffering by narcotic dnnks Theophrastus (370-2S6 
B c the ‘ protobotanist, ’ specifically tells us that the root of man- 
drake steeped in w me produces sleep * 

The Romans also used decoctions of mandrake in alcohol Phny 
(a d 23-79) says of the juice of the mandrake, “ Administered in 
doses proportional to the strength of the patient, tins juice has a 
narcoticefiect ftisgiven fonnjunes inflicted by serpents, 

and before incisions or punctures are made in the body, in order to 
ensure insensibility to the pain ’ and he adds, ” Indeed, for this last 
purpose, with «ome persons, the odour of it is quite sufiicient to induce 
sleep ” * Dioscondcs also, who was a Greek surgeon in tlie army 
of Nero from \ d 54 to 6S and compiled the first great work on matena 
medica, presenbed mandrake for the relief of pam, and stated that 
according to the preparation it might cither be drunk, or ininled, or 
gi’^tn III an enema * 

Analgesic potions in fact ha\e been well known for more than two 
thousand years, but although descnbtd in medical text-books through- 
out the mediaiNiil and early Renaissance jxrnocL and sjxiradically e\cn 
until the end of the eighteenth century, their utilisation seems to ha\x 
been the exception rather than the rule Although on empincal 
grounds early physicians recognised that certain plants possessed 
narcotic projx'rties, they had no means of assessing the potency of the 
extracts employed Different samples of the same lurb differ con- ' 
stderably in tlie amounts of actnc pnnciplc contained TIius, though 
a measured dose of one extract of poppy' might produce tlie nquircd 
depth of unconsciousmss, the same dose of another 'sample similarly 
prepared might be either entirely inadequate or might produce extreme 
depression, or c\en death Tlic prudent surgeon, Ihertforc. while 
acknowledging the succcs>^s, sras deterred by tht numerous failures 
and disasters from using so uncertain a mi\ans of prcwnting jiam So 
hazardous was the mciliotl considered that until the mnldle of the 
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nineteenth century an unfortunate patient about to be operated upon 
found himself bound and held doiTO by strong men. his only help being 
fortitude or unconsciousness from fainting * 

During the seventeenth and eighteenth centunes opium had 
become increasingly important as an anod3me and narcotic, as indeed 
the i\OTd opiaU itseM suggests It was sometimes given in an enema 
as a nuld sedative before operations, but more frequently after the 
operation In extremely pamful conditions held to be inoperable, 
where pain could not be reheved otherwise, its use was, and still is, 
considered essential for mitigating the sufferings of the patient's last 
days It WcLS umversally recognised that opium, like alcohol, if pushed 
to excess, produced complete msensibility, but this use of these drugs 
was vigorously condemned by physiaans and surgeons of good repute 
as a dangerous and unjustified practice ’ 

Administration of narcotics in known doses first became possible in 
1806, when Sertumer* succeeded in isolating morphine, the chief 
alkaloid of opium Its routine use m medicine in place of opium dates 
from about 1820, and was due to the French physiologist Magendie* 
(1783-1855). who fully appreciated that the supenonty of the pure 
alkaloids lay in the fact that they could be given m known doses 
In adopting morphine Magendie prescnbed it only by mouth 
Though the isolation of this alkaloid made it possible for physicians to 
administer a dose of constant composition, the results continued to be 
inconsistent, because of the vanations in the rate of absorption of 
drugs given by mouth (p 103) It was not until five years after the 
discovery of ether that the hypodermic synnge w’as introduced by 
Pravaz in 1851, and independently by Alexander Wood, in 1853 By 
administenng morphine hypodermically the rate of absorption was 
brought under control, but since inhalation anasthesia had already 
been enthusiastically adopted, there was now no incentive to exploit 
to the full the possibility of produang narcosis with this drug 

The work of Pnestley (1733-1804) and Lavoisier (1743-1794) on 
oxygen and the nature of respiration turned medical thought in a new 
direction, and led to a theory that some diseases might be benefited 
by inliahng oxygen or other gases In 1796 Thomas Beddoes founded 
at Bristol a Jledical Pneumatic Institution, ’ where expenments 
and treatment along such lines could be earned out He com- 
missioned James Watt to design the apparatus required and appointed 
Humphry Davy (1778-1829) as superintendent of the Institution 
During his investigations into the properties of nitrous oxide, Davy 
m 1799 venfied by ammal expenment that the gas was respirable , he 
then inhaled it himself and stumbled upon its analgesic properties In 
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ISOO he published an exhaustive monograpli,** in a comparatucly 
small section of \vlnch he records his ment^ and physiological reactions 
on inhaling the gas, and states that ** inspiration was accompanied vath 
loss of distinct sensation and voluntary power," and that it would 
rcliexc headache On p 464 he writes that "the power of the 
immediate operation of the gas in removing intense phy’sical pain, I 
had a very’ good opportunity of ascertaining In cutting one of the 
unlucky teeth called dentes sapietUta, I experienced an extensive 
inflammation of the gum, accompanie<l vnth great pain . . On the 

day when the inflammation was most troublesome, I breathed three 
large doses of nitrous oxide Tlie pain always diminished after the 
first four or five inspirations As the fonner state of mind 

however returned, the state of organ relumed with it , and once I 
imagined that the pain was more severe after the expenment than 
before ’ 

Davy's somewhat lengthy summary of his conclusions includes the 
bncf statement. " As nitrous oxide in its extensive operation appears 
capable of destroying physical pain, it may probably be used with 
advantage dunng surgical operations m which no great effusion of 
blood takes place " These few words, lifted from the unimportant 
position assigned to them by Dav’y among a mass of his other deduc- 
tions, not all of them accurate, have been given much prominence in 
the lustory of anaesthesia, and it is often implied tliat Dav’y’ wis 
suggesting that nitrous oxide should be used as a general anaesthetic 
It IS probable, however, that no such idea occurred to him, even though 
he knew that prolonged inlialation of the gas would produce stupor. 
If indeed he had conceived the idea of producing surgical anastiic’^ia 
by means of nitrous oxide, he would deserve blame rather than 
praise, in tint he, fresh from apprcnticc'ihip to a surgeon, made no 
attempt either to follow up this important idea himself or to encourage 
others to do so It should, however, be realised that Davy was then 
only twenty-two years old, and that his dominant cnthu«iasm was 
chemistry rather than medicine, as was showm by’ the fact that a year 
later lie resigned liis post at the Pneumatic Institution in order to take 
chaise of the chemical laboratory’ of the newly founded Royal Institu- 
tion m London. This early promotion resulted in the discontinuance 
of Dav’y’s experiments wath nitrous oxide Had he remained at 
Bristol and taken lus medical degree as originally intended, it i> more 
than possible that lus genius would have led him to utilLsc nitrous 
oxide as a means of producing surgical an.T<thesia 

At about tlie time that Davy’s interest m nitrous oxide began to 
waine, Htnry Hill Hickman (ISOO-IS^J was Ixim. In 1820 lie was 
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trying ether probably suggested itself as a result of the " frolics/' so 
popular in Europe and America dunng the first half of the nineteenth 
century, at v.hich small quantities of nitrous oxide or ether v.ere 
inhaled for the feeling of exhilaration which they produced At these 
parties it had been conclusively established not only that ether \apour 
v\as respirable but that too laige a quantity caused stupor Jlichael 
Taraday had pointed out in 1818 that in these respects the effects of 
ether and nitrous oxide were similar •* 

As nitrous oxide had been discredited the distmction of discovenng 
anesthesia would belong to the one who mtroduced ether In the 
bitter quarrel which immediately followed the successful use of ether, 
Jlorton claimed that he had mtroduced it, but Dr Charles Thomas 
Jackson (1S0S-18S0) chemist and geologist alleged that the credit 
should be his, since he had suggested its use to Morton Weighing up 
the pros and cons of the argument, it nm\ seems reasonably certain 
that Jackson did not ongmally suggest the use of ether, but it seems 
equally certain that he gave Morton valuable advice For Morton, 
having tried the inhalation of ether upon one or two household pets 
without mishap nevertheless admitted to his partner, Grenville G 
Hayden,” who appears to be a fairly reliable witness, that "m some 
particulars his discovery did not work exactly right,' whereupon Hay- 
den advised him to consult a chemist Towards the end of September 
1846 Morton saw Jackson and though he did not disclose that he had 
been eapenmentmg with ether managed to glean important mforma- 
tion “ Dr Morton told me ’ wrote Hayden in his testimony, " that 
he had just tned ether again — m accordance with Jackson’s hint— on 
him'^elf and that he had remained msensible seven or eight minutes, 
by the watch ' A few days later, on 30th September, 1848, Morton, 
pouring ether on a folded cloth, successfully anasthetised Eben 
Frost for the extraction of a tooth However, all was not yet plain 
sailing A senes of failures followed, and Jloirton once more consulted 
Jackson who this tune recommended the use of a glass inhaler After 
making certam modifications m the mhaler, Morton demonstrated ether 
anresthesia at the Massachusetts General Hospital on 16th October, 
1846 At this demonstration he administered ether under the 
name of ' letheon ' (trying unsuccessfully to keep its precise nature 
secret), and Warren dissected out a '* congenital tnit superficial vas- 
cular tumor’ from the neck o! a man As the patient recovered 
consciousness, Warren exclaimed, " Gentlemen, this is no humbug " 

It subsequently transpired that Crawford W Long (1815-1878), a 
busy general practitioner, had used ether as early as 1842 in a few' 
minor surgical operations m Georgia, USA, but the exigencies of a 
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large practice and local apathy and opposition ga\e him neither 
opportunity nor encouragement to pursue his disco\ erj further ** 

It is of some interest to note that it was Colton who reintroduced 
nitrous o\ide as an anasthetic He had continued to tra\el about 
Amenca giving popular lectures, and after 1S44 had included an 
account of WelUs discovery and of how the anas»thetic propcrtj of 
this gas had been made use of for tooth c'ctraction In 1862, after a 
lecture-demonstration at >*ew Bntain, Connecticut an old lad> asked 
to be allow ed to inhale the gas to liav c some teeth out, for slie wais afraid 
both of ether and of chloroform In contrast to the patient chosen 
for Wells s demonstration, this elderly co-operative woman is now 
recognised as being a suitable subject for displacing impressiv ely the 
advantages of nitrous oxide It la not surprising therefore that 
Colton, with his prevnous wndc expcnencc of this gas administered it 
to the satisfaction both of the patient and her dentist Colton after- 
wards taught the dentist, Dr Dunham, how to make the gas 

On his next lecture-visit to the town a jear later, Colton found 
Dunham m a flounshmg practice busily extracting teeth under nitrous- 
oxide anasthesu He immediatelj decided that m future the painless 
extraction of teeth should be a feature of his lecture-demonstrations 
*' In a few weeks," wTote J Manon Sims in IS77, ' people cimc by 
hundreds to take the gas and get teeth extracted Tins experiment 
convinced Colton that it could be made a great business and he 
went to New York and opened the Colton Dental Institute, where, since 
1863, he and his agents have given the gas to 97 000 persons without 
accident 

It LS noteworthy tliat nitrous oxide and ether, the first two anaa> 
thetics discovered, have retained tlicir popularity, and that their use 
has not been ‘vnously challenged despite the introduction of many 
other amcsthetics By reason of its safely, ether still remains the 
aniTcsthetic of choice for ojicrations requinng muscular relaxation 
For minor operations nitrous oxide has the advantage of being elimin- 
ated much more rapidly and of providing quick rtcovery’ 

Simpson \\Sli1i-\SiO) xvas first to tosc cViloToIonn as an ants- 
thctic In a paper*” to the Medico-Cliirurgical Society of I dinburgh 
on 10th November, 1847, he wrote. ** 1 am enabled to speak most 
confidently of its supenor anaesthetic projKrties. having now tned it 
ujxin upward-* of thirty individuak " I His success wath chloroform, 
coupled wath his inthusiastic championship of it, quickly convinced the 
medical profession, not only in Great Bntain but also on the Continent, 
and to a certain extent even m xVmcnca, tint chloroform was indeed 
far supenor in every way to ether Hjis vndespread belief produced 
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both evil and good evil because chloroform is mtnnsically danger 
0113 good because the recogmtion of those inherent dangers was more 
powerful than any other factor m promoting scientific mvestigation 
mto the nature of anassthesia and of aniesthetic agents 

The fiist to appreciate the uigent need for physiological research 
and the man whose influence guided the subsequent course of an$s 
thesia for many years was the \orkshireman John Snow (1813-1858) 
whose books On Ether and On AnasDteltcs should be read by every 
anesthetist It w as Snow who set the seal of propriety on anaesthesia 
in obstetncs when m 1853 he administered chloroform to Queen 
\ ictona dunng the birth of Pnnce Leopold and again in 1857 at the 
birth of Pnncess Beatrice Richardson** in 1858 writes Inquisi 
tive folk often overburthened Snow after these events with a multitude 
of questions One lady of an inquiring mmd to whom he was 

adrainistenng chloroform got very loquacious during the penod of 
excitement and declared she would inhale no more of the vapour unless 
she were told what the Queen sard word for word when she was taking 
it Her Majesty replied the dry doctor asked no questions until she 
bad breathed very much longer than you have and if you will only go 
on in loyal imitation I will tell >ou everjthmg The patient could not 
but follow the example held out to her In a few seconds she forgot all 
about Queen Lords and Commons and when the time came for a 
renewal of hostilities found that her clever witness had gone home to 
his dinner leaving her inth the thirst for knowledge still on her 
tongue It IS noteworthy that paral>«is of the intercostal muscles 
3 «ign of anaesthesia (p red^overed by successive generations 
of aniesthetists was first dcscnbed by Snow If the inlialation is 
contmued the breathmg i:> rendered difficult feeble or irregular 
and is sometimes performed only by the diaphragm whilst the mter 
costalmu"«clesareparal}«ed ** ItwasSnow too who first made use of 
an agent to absorb carbon dioxide in a closed circuit dunng anaesthesia 
Under these conditions be anaesthetised animals and further using 
chloroform and ether he rendered himself analgesic for long periods 
empIoJ^ng a solution of caustic potash as the absorbant " 

At Snow s death his mantle descended upon the shoulders of 
Clover {182o 1882) He enjoyed a busy practice with the leading 
surgeons of his day and spent roost of his spare time in his workshop 
His notes sketches and expenmental models presented m 1939 to the 
Department of Anjesthetics Unnersjty of Oxford by his son and 
daughter, show that he had in his mind ideas many years ahead of his 
time He WTote comparatively little and is best remembered by his 
ether inhaler** and it should not be overlooked that it was he who 
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first suggested and made practicable a nitrous oxidc-cther ‘lequcnce ** 
By this not only was the unpleasantness of an ether induction a%oidcd, 
but after anresthesia had been established rapidly with NjO, the ether 
concentration in the inhaled mixture could be increased unifomil)' 
The technique for the administration of general anrcsthetics 
advanced remarkably little until the twentieth century Tlic 1914- 
1918 War was responsible for the more general adoption of endotracheal 
anasthcsia Tins method seems first to have been u«ed bj Trendelen- 
burg in 1869 He realised the importance of picking off the larynx to 
prev ent the inspiration of blood and debns dunng extensiv c operations 
in the buccal cavity Before the operation was commenced, tracheo- 
tomy was performed, and the administrationof the anajstlietic continued 
tlirough a cannula surrounded by an inflatable cuff inserted into the 
trachea through the wound ** 

In 1878 William JIacEwen. surgeon to the Glasgow Kojal Infirm- 
arj’, decided to essay the ** introduction of tracheal tubes by the mouth 
instead of performing tracheotomy or laryngotomy ' lie earned 
out a number of expenments^oiZ-war/m, and found that ” instruments 
of the tube kind could, after a little practice, be passed with facility 
through the mouth into the trachea b) introducing tlie finger 
into the moutli, depressing the epiglottis on the tongue, and so guiding 
the tube over the back of the finger into the larynx ’ His first case is 
desenbed as " Removal of cpitliclioma from pharynx and base of 
tongue introduction of tube into the trachea through mouth to 
occlude Incmorrhage from larynx, and for admm'stration of anas* 
thctic ” A lai^e-borc flexible brass tube” was passed on the 
completely unanasthetiscd patient, and he waates, " The usual cough 
ceased as he received a few whiffs of chloroform the upper 
oixmmg of the larymx was stuffed with a sponge . . ’’ 

Even after the introduction in 1895 of Rirstein’s “ Auto'cope, 
the first dircct-vision laryngoscope, endotracheal tulxs were passed by 
the sense of touch with the aid of a liook-sliapcd pilot introducer ; or 
the laryaix wais exposed by a longue-spatula, as advocated by the 
French surgeon I)oy tn (185^1916) At this period, sometimes general 
anxsthesia was induced, more oft**!! the laryaix was cocainised before 
intubation 

Kulin m 1902 further popiilanscd laryaigeal intubation He 
advocated cocainisation rather than general anasthesia , and he used 
a large-lKirt' flexible metal tube and a hook-shaped introelucer, and 
resorted to ex|K»sing the laryaix with a spatula only' in difficult cases 
It IS interesting to note, too, that he aelminislcred ana-stlutics under 
positive prt*ssun, gave chloroform in a COj-ab>-«rjition apparatus, and 
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both e\'il and good evil, because chloroform is intrmsically danger- 
ous , good, because the recognition of those inherent dangers was more 
powerful than any other factor in promoting scientific mvestigation 
into the nature of anesthesia and of anjesthetic agents 

The first to appreciate the urgent need for physiological research 
and the man whose influence guided the subsequent course of anes- 
thesia for many jeais, was the \orlx3hireman John Snow (1813—1858), 
whose books On Ether and On Anasthettcs should be read by every 
anjESthetist It was Snow who set the seal of propnety on anesthesia 
in obstetrics when in 1853 he administered chloroform to Queen 
Victona dunng the birth of Pnnce Leopold and again in 1857 at the 
birth of Pnncess Beatnce Richardson m 1858 writes, "Inquisi- 
tive folk often overburthened Snow, after these events, ivith a multitude 
of questions One lady of an inquinng mind, to whom he was 

administering chloroform got very loquacious dunng the penod of 
excitement, and declared she would inhale no more of the vapour unless 
she were told what the Queen said word for word, when she was taking 
It Her Majestj replied the dry doctor, asked no questions until she 
had breathed very much longer than you have and if you will only go 
on m loyal imitation I wall tell you everything The patient could not 
but follow the example held out to her In a few seconds she forgot all 
about Queen Lords and Commons and \shen the time came for a 
renewal of hostilities found that her clever watness had gone home to 
his dinner leanng her wnth the thirst for knowledge still on her 
tongue It IS noteworthy that paralysis of the mtercostal muscles, 
a sign of ansesthesia (p rediscovered by successive generations 
of aniesthetists was first described by Snow “ If the inhalation i» 
continued the breathing is rendered difficult, feeble, or irregular, 
and IS sometimes performed only by the diaphragm, whilst the inter- 
costal muscles are paralysed It was Snow, too, who first made use of 

an agent to absorb carbon diOAide in a closed circuit during antesthesia 
Under the-e conditions he anasthetised animals and further, using 
chloroform and ether he rendered himself analgesic for long penods, 
employing a «oIution of caustic potash as the absorbant ** 

At Snow s death his mantte descended upon the shoulders of 
Clover (1825-1882) He enjoyed a busy practice with the leading 
surgeons of his day, and spent most of his spare time m his workshop 
His notes, sketches, and experimental models, presented m 1939 to the 
Department of Anresthetics Umtersity of Oxford, by his son and 
daughter, show that he had in his mind ideas many years ahead of his 
time He WTote comparatively little, and is best remembered by his 
ether inhaler,” and it should not be overlooked that it was he who 
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first suggested and made practicable a nitrous oxide ether sequence “ 
By this not only was the unpleasantness of an ether induction avoided, 
but after anaesthesia had been estabhshed rapidly %vith NjO, the ether 
concentration in the inhaled mixture could be increased uniformly 
The technique for the administration of general anesthetics 
advanced remarkably little until the twentieth century The 1914- 
1918 War was responsible for the more general adoption of endotracheal 
anaesthesia This method seems first to have been used by Trendelen- 
burg in 1869 He realised the importaince of packing off the larynx to 
prevent the inspiration of blood and debris dunng extensive operations 
in the buccal cavity Before the operation was commenced, tracheo- 
tomy was performed, andthe administration ofthe anaesthetic con tmued 
through a cannula surrounded by an inflatable cuff inserted into the 
trachea through the wound “ 

In 1878 William MacEwen, surgeon to the Glasgow Royal Infirm- 
ary, decided to essay the " mtroduction of tracheal tubes by the mouth 
instead of performing tracheotomy or laryngotomy ’ He earned 
out a number of expenments posUmortem, and found that " instruments 
of the tube kind could, after a little practice, be passed with facility 
through the mouth into the trachea by introducing the finger 
into the mouth, depressing the epiglottis on the tongue, and so guiding 
the tube over the back of the finger into the larynx ” His first case is 
desenbed as “ Removal of epithelioma from pharynx and base of 
tongue introduction of tube into the trachea through mouth to 
occlude hemorrhage from larynx, and for admin’Stration of anes- 
thetic ' A large-bore flexible brass tube was passed on the 
completely unanesthetised patient, and he ivntes, " The usual cough 
ceased as he received a few whiffs of chloroform the upper 
opening of the larynx was stuffed with a sponge *' 

Even after the introduction m 1895 of Kirstem's " Autoscope, ’ 
the first direct vision laryngoscope, endotracheal tubes were passed by 
the sense of touch wth the aid of a hook-shaped pilot introducer , or 
the lar 3 mx i\as exposed by a tongue spatula, as advocated by the 
French surgeon Doyen (1859-1916) At this penod, sometimes general 
anresthesia was induced, more oft'*n the larynx was cocamised before 
mtubation 

Kuhn in 1902 further popularised laryngeal intubation He 
advocated cocamisation rather than general anesthesia , and he used 
a large bore flexible metal tube and a hook-shaped mtroducer, and 
resorted to exposing the larynx with a spatula only in difficult cases 
It IS mterestmg to note, too, that he administered anaesthetics under 
positive pressure, gave chloroform m a COj-absorption apparatus, and 
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records three cases in whicli a tube was passed through the nose into 
the trachea 

In 1909 Jleltzer and Auer, physiologists, of the Rockefeller Insti- 
tute New York, became interested m the problem of '' continuous 
respiration without respiratory movement ’ They earned out a 
number of expenments on dogs msufflating a continuous current of 
oxygen laden with, ether vapour through a small endotracheal catheter, 
allowing the insufflated air to escape by way of the space left between 
the wall of the catheter and the vocal cords In reportmg these 
expenments Meltzer says, *' Another important and practical feature 
which we have observed in this method is its relation to anesthesia 
It seems to me that the giving of ether by the method of intra- 
tracheal insufflation is the safest and most effective way of administra- 
tion of this anesthetic ’ 

Meltzer s idea was adapted to cbntcal anaesthesia by Elsberg,®* 
also of New York, who m passing the tubes made use of Chevaher 
Jackson s laryngoscope as a routme measure, although many of his 
followers still preferred to use introducers Although Elsberg’s work 
attracted widespread attention, endotracheal anaesthesia continued to 
be used on rare occasions only, and the passing of a tube was regarded 
as a major procedure It was not until anaesthetists were faced ivith 
the unprecedented problems of war mutilated soldiers needing exten- 
sive plastic surgery of the head and face that endotracheal anesthesia 
was widely adopted To Rowbotham and Magill ** must be given the 
credit for so simplifying the technique that endotracheal anesthesia 
has become generally adopted for a wide vanety of operations 

The psjchological advantages which accrue from producing un- 
consciousness before an inhalation anafsthetic is administered appear 
to have been appreciated first by the French naval surgeon Fom6, 
who in 1874 emplojed doses of 2-5 gm of chloral for this purpose 
Later, intravenous ether** and intravenous hedonal’* were used, 
but it was not until 1913 when Gwathmey mduced anaesthesia by 
giving a mixture of ether and ohve oil rectally,*’ that the method was 
considered simple enough, and the results sufficiently constant and 
safe for the pnnciple to become established In 1926 WiUstatter and 
Duisberg, searching for a remedy which could be given, rectally to 
abolish tile spasm of whooping-cough,®* introduced a new drug, 
tribromethylalcohol, now known as Avertm It was at once 
recognised byFntzEichholtz** as an extremely promising anaesthetic. 
After being widely tested as such in Germany, and at Eichholtz's 
request in England,*® it rapidly attained wide popularity, and still 
remains one of the most useful of basal anffistlietics 
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Since 1921 vanous denvatn es of barbitunc aad have been used as 
basal aniesthetics with varying success, but this group of drugs did not 
attain universal popularity until 1932, when H Weese*^ discovered 
the ultra short-acting barbiturate, named Evipan Weese confirmed by 
expenment the value of evipan, not only as a rapidly actmg h 3 ^notic, 
but as a total anresthetic, and m 1933 Wilhelm Baetzner^® of Berlm 
reported 400 surgical cases m which he had used evipan successfully 
either as a basal or as the sole ansesthetic 

During the last feu years the outstanding contributions to the 
science of anjesthesia are those made by the Jfadison School under the 
direction of Ralph M Waters, to whom must be credited the introduc- 
tion into chmcal anaesthesia of cyclopropane, and of the carbon dioxide 
absorption techmque , and by Lord Nuffield, whose numerous benefac- 
tions to medical science mcluded m 1937 the foundation of the first 
chair of ana^thetics in this country 
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CHAPTER ir 

GENERAL REMARKS 

Surgical anaesthesia may be either local, regional spinal, or general 

1. Local — ^The drug m hquid form is applied to areas of mucous 
membrane, eg of the nose or throat, oritisinjectedmtotheimmediate 
neighbourhood of the site of operation e g the mucous membrane and 
deep tissues around a tooth Local anaesthesia or insensitivity results 
from the narcotisation of afferent nerve endings 

2 Regional — solution of the drugisinjected into the immediate 
neighbourhood of a selected sensory nerve, and by direct action on the 
nerve fibres blocks transmission of impuLes from the region which thB 
nerve supplies, e g the arm can be rendered insensitive to pain by an 
mjection made above the clavicle which reaches the brachial plexus , 
and an mjection mto the neighbourhood of the infenor dental nerve as 
it IS about to enter its foramen produces anaesthesia of the mandible 
on that side 

Local amesthesia may be combined with regional For an abdominal 
operation the skm and subcutaneous tissues may be anasthetised by 
local infiltration ivhile flaccidity of the abdominal muscles and 
insensitivity of the peritoneum may be obtamed by mjecting the 
anjesthetic around the lower intercostal nerves where they enter the 
muscles 

3 Spinal — ^The anzesthetic solution is injected intrathecally 
(i e mto the spmal canal) and there mixes with the cerebrospmal fluid 
bathmg the nerves inside the canaL The spmal cord tenmnates at 
the lower border of the first lumbar vertebra and to avoid the danger 
of injunng it the injection is made below this level usually between 
the second and third lumbar \ertebrae The object of spmal anaesthesia 
IS to block the sensory nerves of several segments of the cord, although 
the correspondmg motor nerves are nCces'^nly also mvolved Smce 
the nerve roots m this situation are very close together, many can be 
affected simultaneously and a large area of the body thus anaesthetised 
by a smgle injection The distance to which the anaesthetic spreads 
m the spmal canal is determined by the amount of anaesthetic injected, 
by the patient s posture and by the specific gravity of the injected 
solution Intrathecal miection is rarely emplojed for operations 
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necessitating anssthesia above the level of the area supplied by nerv es 
emerging from the fourth dorsal segment of the spmal cord If 
anesthesia of higher regions is attempted b> this means, the mjected 
fiuid is liable to spread to the levd of the fifth cervical segment and 
paralyse the phremc ner\ e which su|^hes the diaphragm This would 
bring respiration to a standstill, because by the time the anesthetic 
reaches thu, level, the diaphragm would be the only respiratory muscle 
still functioning, the intercostal nerves having been already affected 
during the upward spread of the anaesttietic 

4 GeneraL — The patient is rendered unconscious and for practical 
purposes unresponsive to stimuli applied to any part of the body — 
hence the term general ’ This is the only type of anajsthesia 
considered in this book The drug is distnbuted by the blood- 
stream through the whole body, and anajsthesia results from its 
action on the bram The anesthetic may be admmistered either 
by (a) inhalation, (6) intravenous injection, (c) mouth, (<f) rectum, 
l“ss commonly by {«) subcutaneous mjection, or (/) intramuscular 
injection 

Experience has shoum that only certain drugs are suitable for the 
production of general anasthesia, common examples bemg mtrcms 
oxide, ether and enpan, the chemical compositions of'tvhich differ 
widely 

N atural sleep is a physiological state of unconsciousness, and differs 
from anjesthesia in that a patient reacts to stimuh and is easily roused 
to consciousness By the use of less than a full dose of any anesthetic, 
a patient can be rendered unconscious but, according to the amount 
given, may react excessively or sluggishly to a pamful stimulus The 
re^sponse to such a stimulus is excessive if sufficient ansesthetic is 
given to remove only the patient's higher conscious control and 
becomes progressively less as larger doses are admmistered Such 
unconsciousness accompanied by amnesia for pam but not by loss of 
reflex action, is unsuitable for operations because the patient’s reactions 
may interfere with the surgeon » work 

A state indistmguisliable from general aniesthesia occurs also as a 
result of poisoning, e g bj coal gas, or bacterial toxms (such as from 
typhoid fever or diphtheria), the toxms ot uramia or diabetes, 
large doses of alcohol, morphia, aspinn, etc Extremes of heat and 
cold or severe trauma or partial drowning may also result m a similar 
condition Unconsciousness from any of these factors, or indeed the 
moribund state preceding death, is often indistinguishable from one 
or other of the stages of an^thesia produced by recognised general 
aniesthetics Realisation of this fact emphasises the importance of 
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the following considerations That — 

Anesthesia is a pathological state and its production is a senous 
matter not to be undertaken lightly 

Any drug which produces the state of unconsciousness wnth 
flaccidity, knoim as anaesthesia, is a poison, although m the case of 
the anesthetics m common use the poison is controllable and its action 
reversible 

Patients cannot be rendered unconsaous by any means uithout 
domg them some general harm and mvolving them in a certam if only 
a nunute, degree of nsk 

Anjesthetics should be given only when it is beheved that the 
resultmg rehef will more than compiensate for their poisonous effects 

The amesthetics to be employed must cause the minimum of 
damage 

Only those drugs which have stood the test of time should be in 
routme use for the production of anaesthesia 

To ment inclusion m the list of recognised anaesthetic agents, a 
drug must ha\ e the foUowmg advantages over other means of producing 
unconsciousness 

1 Its AcUonmust be Reversible — ^The anaesthetic admmistered must 
be either excreted or metabolised rapidly enough to allow the patient 
to recover wthin a reasonable tune 

2 Us Action must be Controllable — ^With inhalation antBStheticSt 
depth of anaesthesia is controlled by regulating the strength of 
the mixture delivered to the patient Certam changes m respiratory 
rhythm foretell the approach of dangerously deep anaesthesia and gii e 
the i\atchful administrator ample tune to discontinue the anesthetic 
by removing the face-piece Even if these wammgs are ignored and 
the sufiply of anaesthetic is maintamed,the dimmutionof therespiratory 
excursions reduces the intake of the drug, and respiratory arrest ensues 
immediately the amount of anaesthetic m the blood-stream reaches the 
level which causes this condition A nse above this level is impossible, 
smce intake of the drug ceases with respuatory arrest If removal of 
the mask has been delayed until this emergency has supervened 
artificial respiration, if mstituted promptly, vail eliminate sufficient 
anesthetic via the lungs to reduce the concentration in the blood- 
stream below that which has paralj^ed the respiratory centre That 
ehimnation has been effective is shown by the almost immediate 
resumption of normal respiration Maintenance of any desired level 
of anaesthesia is effected most safely and easily with mhalation 
anaesthetics since these are more controllable than those given by other 
routes This is of much importance where profound anesthesia is 
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leqmrcd, since at tins level any excess of anesthetic soon produces 
respiratory depression 

Theeffectsofdrugsgiven*H/r<«i«*OKsZ^(e g evipan.pentothal) cannot 
be controlled so readily It is true that anesthesia can be deepened 
to any degree by the simple process of m3ection, but the ease and 
rapidity with which an ansesthetic drug can be introduced into the 
blood stream is assoaated with the danger that an overdose may be 
given before the usual naming respiratory signs are manifest With 
rapid in]ectiQn although the onset of respiratory depression and arrest 
IS sudden, it is dangerously easy to introduce sufficient anJesthetic 
to raiae the blood concentration considerably beyond that which causes 
respiratory arrest Most intravenous anasthetics are detoxicated by 
tlie liver and excreted through the kidneys, and ehmination is slow 
Moreover, if the blood concentration has been raised above that which 
produces respiratory arrest, artificial respiration will have to be 
continued until the concentration is reduced to the level compatible 
wtli normal respiration If the excess is slight, artificial respiration 
will probably be needed for only a few minutes, whereas if the excess 
IS great enough artificial respiration will be unavaibng no matter how 
long It Is continued In between these two extremes will be found 
cases where lives are saved by prolonged artificial respiration 

The precision with which it is possible to control the action of 
drugs given by vioitih or recium is even less than is the case ■with drugs 
which are given intravenously Continuous administration by these 
routes is impracticable so that the whole of the estimated dosage is 
mtroduced wlule the patient is still conscious Absorption from the 
rectum is more uniform than that of drugs given by mouth, which 
depends on the general condition of activity of the alimentary tract, 
which in turn may be considerably delayed by emotional states such 
as fear and excitement More important, however, than the uncer- 
tainty as to tjie rate of absorption is the overriding consideration 
(applicable also to drugs injected intravenously) that if an overdose 
should be administered by either route, absorption, once it has begun, 
will continue even after respiratory failure has occurred For this 
reason it is not practicable to mduce full surgical anesthesia ivith 
substances given by mouth or rectum They may be used only to 
bring about the state of basal anxsthesia which requues to be deepened 
further by the administration of a more controllable drug (eg a 
volatile anesthetic) m order to cany out a surgical operation The 
lack of controllability of drugs given by these routes enforces a de- 
liberate avoidance of the use of doses large enough to be dangerously 
unmanageable, which means that overdosage occurs only as the result 
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of an accident or error of judgment For example, m the use of 
paraldehyde which is frequently given rectally as a basal anaesthetic 
in doses of 5 J P^r stone of body wei^t, confusion betu een the symbols 
for the drachm (5) and the ounce (3) is knoivn to have led to the 
administration of eight times the mtended dose, uith fatal results 

If it should be found that an overdose has been given, any drug 
remammg unabsorbed in the stomach may be recovered by gastric 
lavage Similarly an attempt should be made by washmg out the 
rectum to recover substances admmistered by that route, but m 
practice it is found to be more difficult to recover a drug from the 
rectum than from the stomach 

3 Its Action must be Predictable — Within reasonable limits an 
anaesthetist can foretell the effects of a given quantity of evnpan on a 
given patient Rate of recovery vanes with different anaesthetics but 
depends m great part on the dosage Expenence and a knowledge 
of the amount administered eoable one to predict approximately the 
time of recovery 

4 The Therapeutic Quotient must be High, le the ratio between 
the mmimum lethal dose and the mmimum dose which must be given 
to produce unconsciousness must be high The therapeutic quotient 
of evipan, for instance, is 4 , this means that if 03 gm is necessary 
to render a given patient unconscious, it is unlikely that evipan ivill 
be lethal to that patient unless a dose of four times that quantity 
(1 2 gm ) IS admmistered at one tune 

5 Its Side actions should be Minimal — Beyond the production of 
anjesthciia, the physiological functions of the patient should be 
disturbed as httle as possible To achieve this, the anesthetist must 
select the drug most appropriate to the patient and for the operation 
and must have had expenence m its use Inhalation of nitrous oxide 
for a fev\ minutes will not produce appreciable after-effects, but the 
longer the admmistration the more probable vmU be the occurrence 
of nausea, vomitmg, and even collapse Ether, a more powerful 
poison than nitrous oxide, produces deeper anesthesia, and when its 
administration is Jiscontinuetf is Ibffowed' by a longer penocf 01' 
unconsciousness and by greater toxic effects on the body These are 
frequently manifested by nausea and vomiting and occasionally by 
more serious disturbances such as post anesthetic albummuna 

As already mentioned, unconsciousness deep enough to permit 
the performance of a surgical operation may be produced by a vnde 
variety of causes It is possible to conceive of a classification of such 
causes arranged m order of merit on the basis of their degree of 

2 
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reversibility controllability and predictability therapeutic quotient 
and intensitj of side reactions These causes would then form a 
contmuoussenesof gradually decreasingsafety utihtj andconvemence 
In practice doubtless there would be considerable disagreement over 
the exact order few would care to assess the relative merits of alcohol 
and paraldehyde as means of producing surgical anesthesia Never 
theless the right of the anresthetics m routine use to stand at the head 
of the list can hardlj be disputed and the last place would perhaps 
be generally assigned to that pre mortal coma which heralds the end 
in various toxic and traumatic conditions This hypothetical hst 
mcludes a group of pre anaesthetic drugs so called because they are 
administered before induction of an^thesia to assist the action of 
anjesthetics They maj be regarded as intermediate in their action 
between the rccogniced anaesthetics and the grosser causes of production 
of uncon'^aousne'-' These connecting links include morphia alcohol 
and paraldehyde which if CNploited to their full extent can serve 
without assistance as adequate antesthetic^i These drugs are dealt with 
m the chapter entitled Pre anaesthetic Medication (p 88) but are 
mentioned here m order on the one hand to emphasise the existence 
of a large number of compounds capable of producing anesthesia 
which because of their gradually decreasing safety are of only academic 
interest to the practical anesthetist and on the other to reiterate 
tiiat there do not exist prondentially provided substances whose sole 
action on the bod> is the production of anesthesia 
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CHAPTER III 

THEORY OF ANESTHESIA 

How do anjesthetics ^\ork’ This is one of the first questions the 
student asks when he is introduced to the practice and problems of 
anesthesia That the correct answer is still a subject for speculation 
is shown by the allocation of more than thirty pages of Givathmey’s 
text book to the discussion of nineteen theories Many additional 
theories are to be found elsewhere, some intelhgible only to their 
propounders 

Various drugs modify the actions of the different cells throughout 
the body Those used as anaesthetics are chosen because they depress 
reversibly the activity of the central nervous system without causmg 
generalised physiological disturbance of practical importance A case 
can be made for the hypothesis that all phenomena desirable and 
otherwise, of anesthesia are attnbutable to anoxia All the cells of 
the body require adequate oxygen for the continuance of their normal 
functions Mental impairment and unconsciousness result from pro- 
gressive oxygen lack Production of unconsciousness by dimmution of 
oxygen tension is exemplified when the airman loses consciousness on 
reachmg great altitudes and regains it when his aeroplane falls to a 
level where the oxygen tension is sufficient to support mental activity 
Different mdmduais lose consaousness at different levels of oxygen 
tension, some at a level little reduced from the normal Loss of con- 
sciousness at low oxygen tension can be demonstrated to a class by a 
volunteer inhalmg an mert gas such as mtrogen or helium In the 
average mdmdual when the alveolar oxygen tension is reduced below 
approximately 30 mm Hg imconsciousness supervenes Another 
method is to place the subject m a large steel decompression chamber 
(fig 1) and to lower the atmospheric pressure within When the 
pressure of air mside the cylinder is reduced to about 300 mm Hg 
(equivalent to an alveolar oxygen tension of 28 mm Hg ), the patient 
^vlll lose consciousness A sinular result may be achieved by admmu,- 
tenng a mixture of mtrogen 92 per cent and oxygen 8 per cent at 
normal atmosphenc pressure 

The warning on p 300 against experimenting with ancesthetics 
unless another person is present applies %vith equal force to expen- 
ments on the effects of low Oj tension In both cases the onset of 
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unconsciousness is insidious and fatalitito have been recorded where 
this precaution has not been taken 

The way m which body 
cell> utilise oxygen is e\- 
tremelj complex and is not 
jet fully understood It is 
known however, that dunng 
the oxidative processes 
nianj different compounds 
are formed At each hnk 
in the complex chain of 
compounds, oxygen transfer 
IS mediated by an enzyme 
If anv one of these many 
enzjmes is poisoned, the 
oxjgen transfer cannot take 
place with the result that 
the cell IS depnved of the 
oxygen it needs in order to 
function normally It has 
been shown that uncon 
sciousness will result if the 
tension of oxygen to whtch 

reduced belou u certain letel It la “ 

place m the comnl.Xf. i ?* enzymes taking 

'nil bo that an cefc uh h'T' Th' 

lose theu capacity the''' 

stream m proportion to the a oysen circulatmg m the blood 
hate absorbed^ ThVhti hSlT ““ "'ey 

amount ol oxygen tthicKv? aupported by the fact that the 
au-e.ther,a d«S,s and less as 

>s not proten ''o' or frofler hoc 

abohsW V°aa«Scf''‘lMh are ent.rely 

time ceh death ttould lake place ** Th" *° ’'"Stli »• 

'allotting carhou niouoxid“rtrerhr‘^r.r^ 
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capacity of the blood is reduced to less than vital limits It also 
occurs when an over dose of an anxsthetic completely abolishes mtra- 
cellular oxidation In surgical ansesthesia the oxidative processes are 
only diminished, and smce the action of anesthetics is reversible 
complete recovery of cell function takes place after the drug is 
ehmmated 

The oxygen-depmation theory of anaesthesia is bound up with the 
fact that anaesthetics are readily absorbed by fats If an anaesthetic 
IS added to a mixture of equal parts of olive oil and water it %vill be 
found, after the whole has been well shaken and allowed to stand, 
that when the olive oil and water separate they wll have taken up the 
anesthetic m definite proportions Similarly, the amount of anses- 
thetic taken up by cell hpoids bears a constant ratio to that remammg 
in the blood stream In general the greater the affinity of the anes- 
thetic for fats, the greater is its potency 

The functions of different cells of the body as a whole, and mdeed 
of any particular organ dimmish at progressive stages of oxygen lack. 
The various nerve cells themselves differ in their reaction to O^-lack 
The more recent the phylogenetic development of a structure the 
more sensitive it is to Oj lack, and the more liable it is to irreparable 
changes if this lack is complete or prolonged Of the parts of the brain 
the more recently and highly developed cerebrum reacts to Oj«lack 
at an early stage, so that rational thinking and consciousness are lost 
early This is quickly followed by cerebellar disturbance These two 
changes are familiar occurrences in drunkenness, which can be regarded 
as being the first stage of anjcsthesia by alcohol In deep anesthesia 
the processes of metabohsm and elimmation, i e the functions of the 
liver and kidneys, may be almost entirely suspended while primitive 
functions of respiration and cardiac action continue relatively un- 
impaired Further deepening of anesthesia is followed in turn by 
respiratory depression, cessation of respiration, and finally cardiac 
arrest 

There are two ways of reducing the oxygen available to the tissues 
m order "id ■produce unconsciousn^ and ane^nesra ^ne rs diy fne 
simple expedient of inhaling an mert gas such as nitrogen with the 
adition of ]ust sufficient oxygen to support essential metabohc 
activity , the other is to supply the patient ivith the usual (or even 
excess) amount of oxygen, but at the same time to poison the cells 
so that they cannot utili'^e it in the normal way As Mackhn* puts 
it, there are two wa}» of starving a patient (i) simply by depriving 
him of food (the analogy is diminution of the oxygen content of the 
blood as m mtrous-oxide anssthesia), and (u) by givang him abundant 
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DIAGRAM TO ltlUSTOAT£ BLOOD 
BRAIN AND TISSUE SATURATION 
DURING INDUCTION 





Fig 2 (After 'Sos-torthy ) — Tbedistnbution of blood is the chief factordetermining 
diSerential distnbution of an anesthetic Becanse of the large blood supply of the 
brain equilibnum betivecn arterial blood and brain is rapidly established dunng 
induction 

In the foEow’ing four diagrams the brain cell (A) is shown as having 
a larger minute volume blood supply and greater lipoid content than 
a cell of any other tissue (B) The difference in lipoid content of the 
two cells IS indicated bv the wndths of the cell borders The depth of 
shading in the cell border represents the absorption of the anasthetic 
by lipoids and the colour of the cell the amount of oxygen available 
to it Changes of colour from red to blue indicate progressive diminu 
tion of oxygenation and with it of tissue activity 


Normal Cell Oxygenation 



Fig 3 

This figure represents arterial blood and cell oxygenation m a 
normal unansesthetiicd subject The blood cames oxygen in excess 
of metabohc requirements and the capacitj of the body cells to 
utilise oxygen is unimpaired 
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In the followmj, three diagrams the same depth of anesthesia la 
reached bj three different methods The anoxia of the brain cell (A) 
necessary to achie% e this degree of depression is represented by blue 

Effect of any Inert Gas (say Nitrogen) on Tissue Oxidation 



Ttc 4 


To attain tl is degree of anoxia of the brain cell by O2 deprivation 
alone (as by the inhalation of an inert gas such as nitrogen) necessitates 
subjecting all other tissue cells of the body to an equivalent degree 
of oxj gen depnvation Such a reduction of oxygen to the heart muscle 
Mould seriously impair its efficiency The hpoid content of the cells 
IS here unmatenal because an amesthetic is not used 


Effect of Ether on Tissue Oxidation 



Wlien ether is used the blood is fully oxygenated and anoxia of 
tlie brain cell is achiesetl by the absorption of the drug by the cell 
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lipoid For reasons already given (less blood supplj and less bpoid 
content of cell) the amount of ether absorbed bj the cells of other 
tissues (B) IS less than that absorbed by (A) and the acti\ntj of the 
former is therefore relatively unimpaired This differential reduction 
of oxygenation ensures that ansesthesia can be achie\ ed without senous 
depression of tissues other than the bram 


Effect of Nitrous Oxide on Tissue Oxidation 



no 6 


With NjO, anjBsthesia is attained by a combination of the two 
methods just descnbed and illustrated in figs 4 and 5 NjO has 
definite, though weak anjesthetic properties, and when absorbed by 
cell hpoids causes shght reduction in cell oxidation The additional 
effect of a reduction of in the inhaled mixture (and therefore in 
arterial blood) a factor which affects all cells equally is necessarv in 
order to deepen anesthesia to the desired le\el The reduction of 
arterial oxygen results m less oxjgen bemg ai’ailable to ‘ other 
tLssues than when ether i& being used This explains whj ether is 
a more suitable anesthetic than nitrous oxide for ca'^es of mjocardial 
degeneration m which a liberal supply of oxjgen to cardiac muscle is 
essential 


The ratio of the amount of any anesthetic absorbed bj the lipoid- 
contammg cell to the amount which leaves the cell in the \enous 
blood IS constant, i e the fat/\vater coeffiaent is constant for anv one 
drug As admmistration progresses the ab'=orption of the anesthetic 
by other tissues increases until their percentage saturation approaches 
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a low tension In this way redistnbution and elimination of any 
agent is effected 

Nitrous" oxide is a weak anaesthetic As far as potency is concerned, 
it should be regarded as occupying a position betw een the mert gases 
such as nitrogen and an anaesthetic of full potency such as ether 
Provided that adequate oxygen is given, to support basal metabohc 
requirements and that the patient is fit and unpremedicated, it is not 
possible ^vlth mtrous oxide to produce deep unconsciousness Although 
nitrous oxide is absorbed by the cell hpoids, it is only a weak inhibitor 
of oxidation To enhance its feeble action the oxvgen content of the 
arterial blood supplying the cell must be reduced particularlj in the 
resistant patient If a robust patient reraamed aniesthetiied with a 
mixture of NjO and 10 per cent Oj the raismg of the percentage 
to 13 might hghten aneesthesia to such an extent as to make the 
patient unmanageable The hghtenmg of amesthesia is due not to his 
bemg gi\en 3 per cent less N«0 but to his being given 3 per cent 
more Oj 

Some authonties hold that nitrous oxide has no anssthetic effect, 
but acts only as an oxygen replacer If this were so any mert gas 
would furnish as satisfactory an anaesthesia as does nitrous oxide If 
nitrogen is admmistered to a robust patient for dental extraction, it 
becomes apparent that its anaesthetic properties are not as effective 
as are tho«e of nitrous oxide It is possible to mduce anaesthesia m 
an anaemic patient vnth mtrous oxide and 20 per cent oxygen This 
would be impossible if nitrous oxide were simply an o'^gen replacer, 
smce the same patient i» fully awake when breathing a mixture of 
nitrogen and 20 per cent oxjgen — that is, atmosphenc air Nitrous 
oxide should be regarded as a mild inhibitor of one of the enzymes in 
the process of cell oxidation 

Although the many different amsthetics all produce unconscious 
ness the chnical pictures resultmg from their use show mmor variations 
Fats differ in structure, and it is. probable that lipoids m different parts 
of the brain have selective affinities for particular ansesthetics This 
would explain vshy some amesthetics (eg pentothal) in producmg a 
given depth of aniesthesia depress the respiratory centre more than 
others Generally speaking the safety of an anesthetic drug decreases 
m proportion to the mvolvement of the respiratory centre m the 
general depression of the nerv ous sjretem 

Of the various theories, each havmg something to commend it, the 
most reasonable and that which best explams the action of every 
known tjpe of ansesthetic is the oj^gen deprivation theory Incon- 
trovertible evidence may 'ome day be produced to account for the 
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phenomenon of anaesthesia, and it is possible that it ivill confirm this 
theory This working hypothesis at least has the ment of allowing a 
student to learn how to achieve with safety the type of anesthesia 
required m any particular case 
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CHAPTER I\ 

RESPIRATION 


^^E breathe for two reasons — to obtain oxjgen for the tissues and to 
exhale carbon dioxide an end product of tissue metabohsm These 
two functions are equally necessary for the maintenance of life The 
essential importance of oxygen is appreciated bj eveiy lajunan 
Isormally carbon dioxide is a respiratory stimulant but in excessive 
quantities it becomes a tissue poison and respiratory depressant 
Except by misuse of the rebreathmg bag of an anjesthetic apparatus 
or by deliberate experiment the condition of COg excess m the 
bodv does not anse unless oxygen lack is al&o present For 
instance respiratory obstruction prevents not only the excretion 
of COj but also the entrance of oxygen into the body The 
patient dies of asphyxia and though the effect of oxygen lack 
may be augmented by COj excess the former is probably the 
mam cause of death 


THE MECHANISM OF RESPIRATION 

Breathmg is a muscular act just as much as is walking In 
breathing the lungs themselves do no work in drav\mg m air m 
expiration too they are passive except for the recoil of their elastic 
tissue stretched dunng mspiration Muscular action causes alternate 
expansion and contraction of the thoracic cavuty by which means 
air IS drawn into and expelled from the lungs When the volume of 
the thoracic cavity is increased the pressure mside the thorax is 
reduced and the difference between pressures mside and outside the 
chest causes a mov ement of air into the lung 

The Muscles of Respiration 

1 The diaphragm — ^The most important respuatory muscle is 
the diaphragm This large umbrella shaped fibromuscular septum 
separates the thorax from the abdomen Its conv ex surface forms the 
floor of the thorax its concavity the roof of the abdominal cavity 
The penpheral part of the diaphragm is muscular the centre tendmous 
Dunng inspiration the muscle of the diaphragm contracts its dome 
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becomes flattened pushing down the abdominal viscera In expiration 
It relaxes and the \ olume of the thoracic cavity is diminished as the 
diaphragm is pushed upivarda by the abdominal viscera This action 
IS normally as';isted bj the contraction of the abdominal muscles 



(E.) a>r — Tbedora^of thediaphragmisflatteDeUbycoDtnetion Thediasieter 

ot tb« tborajc is increased 


2 . Muscles raising and depressing the nbs in quiet respira- 
tion — In quiet inspiration the external mtereostal muscles raise the 
nbs and so increase the \olmne of the thorax 

In expiration the contraction of the mtemal intercostals depresses 
the nbs The external and internal intercostals are assisted m their 
respective functions by muscles of less importance 

3 Accessory muscles of respiration — ^In emergency con- 
ditions necessitating forced inspiration the full action of the inspiratory 
muscles already described is augmented by others which include the 
sterno-mastoid pectorales and trapezius These muscle of the necW 
and shoulder are attached below to the upper part of the thorax and 
when they contract they raise the sternum and upper nbs upwards 
and outwards Normally, in forced inspiration the volume of the 
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thoracic cavity is thus markedly increased , if, however, there is any 
obstruction to respiration, the volume of the thoracic cavity is 
not greatly altered but the negative intrathoracic pressure mcreases 
considerably 

Forced expiration is assisted by powerful contraction of the abdomi- 
nal muscles 

Significance of Activity of the Accessory Muscles of 
Respiration 

Except m violent exercise when increased respiratory exchange is 
essential, it is improbable that the reader will often see the accessory 
mspiratory muscles functioning as respiratory aids If the patient 
is at rest, the accessory muscles of respiration come into play only if 
there is respiratory obstruction, and then only if he is conscious The 
aid of these muscles is essential to the attempt to overcome the effect 
of respiratory obstruction, and if the anaesthetist, by producing un- 
consaousness, removes the action of these voluntary muscles, he may 
be responsible for a preventable death The management of anss- 
thesia in a patient suffenng from respiratory obstruction from cedcma 
of the larynx is dealt with on page 2^ 


THE VOLUME OF THE RESPIRED AIR 

The maximum capacity of the lungs is about 5 litres The greatest 
volume of air which can be exhaled following the deepest possible 
mhalation is known as the " vital capacity,” and is about 4 htres 
The volume of the ' residual air,” i e the air which still remains m 
the lungs, is thus approximately I htre During quiet breathmg the 
lungs contam about 2 5 htres, and the amount of air entering and leaving 
the lungs durmg respiration is about 400 c c This latter is known as 
the " tidal air ' of which the amount remainmg m the nasophar 3 mx, 
trachea, and bronchi, approximately 150 c c , is known as the " dead- 
space air,” because it takes no part m the gaseous exchange The 
volume of the tidal air is vanable, whereas that of the dead space air, 
for all practical purposes, remains constant 

Effective respiration is the difference between the tidal air and the 
dead space air In an average quiet respiration, it is therefore 400 
c c — ISO c c = 250 c c Calculation of effective respiration shows 
that one deep breath of 600 c c (600 — ISO = 450) introduces as 
much oxygen as nine shallow breaths of 200 c c (200 — 150 = 50 , 
50 X 9 = 450) To appreciate this is to realise the ineffectiveness of 
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':haI]o^^ breathing and that one breath of oxygen has less influence 
m diluting the a^ erage gaseous contents of the lungs {2 500 c c ) than 
IS commonly imagmed 


PHYSICAL CONSIDERATIONS 

The transfer of gases iron) the lungs to the blood and in the 
reverse direction is governed by the gas laws Dalton s La« (1807) 
states that if two gases which do not react together chemically are 
mixed the pressure exerted by the mixture is equal to the sum of the 
presaures of the component gases In a mixture the gases should be 
thought of uvdividuallj and the share which, each one has m the total 
pressure is called its partial pressure This pressure is proportional 
to the concentration of that gas in the muxture In a closed vessel 
containuig a mixture of 4 parts of nitrogen and 1 part of oxygen 
the pressure exerted by the oxygen is the same as if the one part of 
oxygen were enclosed in the vessel alone The same applies to the 
nitrogen 

The quantity of a given gas which a bquid dissolves depends on 
(i) the solubility of the gas (u) the pressure of the gas to which the 
liquid is exposed and (ui) the temperature of the liquid When 
equilibnum is attained the tension of the gas m the liquid is the same 
as the tension of the gas in the atmosphere adjoining the liquid 


GASEOUS EXCHANGE IN THE LUNGS 

The lungs are composed of fibrous muscular and elastic tissues 
m contact on one side with the alveolar air and covered on the other 
side with minute blood capiUanes If the interior of the lung were 
a single hollow chamber like a balloon only a very small proportion 
of the air wnthm would come into contact wnth the surface The 
lungs are divided and subdivided many times so that the surface 
of the terminal minute alveolar sacs is very extensive providing a 
very great area for contact of air with the lung epithelium and its 
surrounding capiUanes The exchange of gases is thus greatly 
facilitated 
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ria 8 [After iltlltr ! 893 1) —\lv«oti of the lung are shows covered \nth blood 
capilJanes An ah eolus is sees cut across Qreatly magufied 

It IS estimated that ovting to these divisions the surface or 
breathing ” area of the lungs is 200 square metres * or 110 times that 
of the «;km covenng the body On the assumption that the 2,500 c c 
of air m the moderately distended lungs is spread equally over this area 
1 the thickness of the resultant layer of air is of the order of 001 mm 
The exchange of gases between the air inside the al\ eolar sacs and the 
blood m the capillaries surrounding them is facihtated because the 
nails of both these structures consist of only one layer of flattened 
endothehal cells The ultimate air-contauung saccules of the lungs 
are called “ alveoh,” and the air th^ contain is referred to as " alveolar 
air ” 

Any aniEsthetic to be mhaled must be in the form of a gas The 
transference from the lungs to the tissues of a gas (e g nitrous oxide 
or ether vapour) to maintain anesthesia and of oxj^gen to mamtam 
life, and the transference in the rei erse diiection of carbon dioxide, 
invoUe processes easj to understand Gases separated by a membrane 
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freely permeable to them tend to come into equilibrium so that the 
pressure exerted by (or tension of) a gas becomes identical on both 
sides of the membrane An everyday illustration of this is provided 
b> the bottle of soda water which, contains COj bottled under 
tension When the stopper is removed the CO 2 bubbles off until 
Its tension in the water is equal to that in the surrounding air 
If on removal of the stopper the soda water were separated 
from the air by a permeable membrane the process would still 
take place 


The Exchange of Oxygen and Carbon Dioxide 



All colar air and arterial blood are in cquihbnum «o far as the 
tensions of oxjgen (100 mm Hg ) and of carbon dioxide (40 mm Hg) 
are concerned Venous blood dianges to arterial blood m the lungs 
b} giving up carbon dioxide to, and takmg m oxygen from, the 
ah colar air through the pulmonary epithelium 
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The composition of alveolar air differs from that of the outside 
atmosphere m that it has given up some oxygen to, and taken up 
carbon dioxide from, the blood passing through the lungs Expired 
air IS a mixture of alveolar air and atmospheric air from the dead space 



Inspired Atr ' 
[aUnosphertc) 

Alveolar Atr Expired Atr 

0, 

20 96 per cent 

14 per cent 16 per cent 

CO, 

0 04 per cent 

5 5 per cent j 4 4 per cent 

N,* 

79 per cent 

80 5 per cent 79 6 per cent 

Water vapour | 

Unsaturated m 
varjing degree 

Saturated PracticaJIj 

saturated 


Certain apparent discrepancies will be noticed in the table If all 
the oxygen absorbed v-ere used by the body to oxidise carbon only, a 
volume of CO^ equal to the volume of 0^ used would be expired, and the 
sum of the volumes of Oj and COj m inspired air, alveolar air, and 
expured air i\ould be the same Actually a httle of the oxygen is 
used to oxidise hydrogen from food to H^O and smce water vapour is 
not taken mto account m the table the \oIume of dry gases expired 
IS somewhat less than the volume inspired As the volume of nitrogen 
remains unchanged its percentage in the expired air wall be greater 
than m the mspired 

The pressure of gases ivithm the lungs is approximately the same 
as that of the outside atmosphere (760 mm Hg ) Smce the alveolar 
air is saturated with water vapour which exerts a partial pressure of 
45 mm Hg , the sum of the partial pressures of the remaining gases 
IS (760 — 45 ~ 715) mm Hg The tension of oxygen m the alveolar 
air IS therefore 14/100 x 715 = 100 and that of carbon dioxide is 
5 5/100 X 715 = 40 

The oxygen requirement of a normal person at rest is such that 
about one-third of the oxygen content of the arterial blood is removed 
during Its circulation through the tissues An a%erage sample of 


Including other inert gases iwhich total, approximately, 1 per cent 
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venous blood returning to the heart shows 100 c c to contain about 
13 5 c c of oxygen at a pressure of 35 mm Hg 

The OX} gen tension of alveolar air (100 mm Hg) is greater than 
the oxygen tension of venous blood (33 mm Hg ) There is an effective 
pressure of (100 — 35) mm Hg driving oxygen from the aUeolar air 
into the blood This difference of 65 mm Hg is known as the 
“ pressure gradient ” The process of raising the partial pressure of 
oxygen in the venous blood from 35 to 100 mm Hg is part of the 
transformation of venous blood into artenal blood This pressure 
gradient is sufficient to cause the hiemoglobm, which m the average 
venous blood is only two thirds saturated wth oxygen to become 
almost completely saturated by takmg up an additional 7 c c of oxygen 
per 100 c c of blood so that 100 c c of artenal blood contam 21 5 c c 
of oxygen at a pressure of 100 mm Hg The artenal blood gives up 
oxygen to the tissues, according to their metabolic requirements 
The blood leavang the tissues with its oxygen tension considerably 
diminished returns to the lungs as venous blood , and so the cycle 
goes on 

The partial pressure m mm Hg of carbon dioxide m the tissues 
vanes between 50 and 70, m venous blood it is 45, and in alveolar 
air 40 These figures show that there is alw’ays a pressure gradient 
of carbon dioxide from the tissues, via the venous blood to the alveolar 
air The pressure gradiejit dnving carbon dioxide in the reverse 
direction to oxygen across the pulmonary epithelium, i e from venous 
blood into the alveolar air, is only 5 mm Hg (45 — 40 » S) This 
IS a much smaller pressure gradient than that for oxygen, but, since 
carbon dioxide is highly diffusible through the alveolar membrane, the 
gradient is sufficient even dunng the short time taken by the blood to 
traverse the pulmonary capiUanes, to allow equihbnum to be estab 
lished between the venous blood and the alveolar air Carbonic 
anhjdrase, an enz>'me m the red corpuscles accelerates the liberation 
of carbon dioxide from the blood In passing through the lung 
capillanes, every 100 cc of blood transfers approximately 6 c c of COj 
to the alveolar air 


yWt XnafsWieWc Gases and 'fapotrrs 

During induction of inhalation anaesthesia, the tension of the 
anarslhetic gas is higher in the alveoli than m the blood One 
factor which mfiuences the rapidity of induction is the magnitude of 
this pressure gradient (gas tension m alveoli »nt««s gas tension in 
blood) When undiluted nitrons oxide is inhaled, the pressure gradient 
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forcing the gas from the alveoh to the blood is very high, and induction 
IS therefore rapid After removal of the mask, the pressure gradient 
will be m the reverse direction Tlie factors which determine the 
speed of ehmmation of a gaseous amesthetic are the rate with which 
the tissues give it up (rapid in the case of nitrous oxide) and the differ- 
ence m pressure (this time m the opposite direction) between the 
mtrous oxide m the blood and that in the pulmonary alveoh As this 
is also great, recovery from nitrous oxide will be rapid With ether, 
mduction IS mevitably slower One reason is that because of its 
irritating properties, a high concentration of the vapour cannot be 
breathed at the commencement, with the result that m the early 
stages the partial pressure of ether m the alveoh remams ':mall 
Keco\ ejy also is slower than from nitrous oxide, because, after admim 
stration is stopped, the tissues give up ether slowly to the blood and 
therefore the pressure gradient from the blood to the lungs must 
necessarily be small 


TRANSPORT OF GASES BY THE BLOOD 
Oxygen 

Oxygen is transported m the blood by the hsmoglobm m the red 
blood corpuscles The haemoglobin of artenal blood is normally 95 
per cent saturated ivith oxygen The amount of oxygen with which 
haemoglobin combines depends on the oxygen tension to which it is 
exposed Under normal conditions (an alveolar oxygen tension of 
approximately 100 mm Hg ) the amount is maximal and is 1 34 c c 
of oxygen per 1 gm of h$moglobm Although exposure to a higher 
tension of oxygen (e g by inhalation of pure oxygen) mcreases the 
amount dissolved m the blood plasma, it cannot mcrease. to any 
appreciable extent, the amount taken up by the hsemoglobm since 
this IS already almost saturated oxygen 

Although an mcrease of oi^gen tension above the normal 100 mm 
Hg m alveolar air cannot increase the amount of oxygen taken up by 
the hffimoglobm, a decrease m tension is followed by a decrease 
m percentage saturation of h^onoglobm with 0 x 5 gen The per- 
centage saturation of hzemoglobm with oxygen is not in direct 
proportion to the oxygen tension to which it is exposed The 
actual relation is expressed by the wdl knoivn " association " curve 
of hxmoglobm 
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anasmia Thus m a patient with 50 per cent haemoglobin the blood 
can carry only half as much o'^ygen as can the blood of a normal 
person wth 100 per cent haemoglobm 

(ii) The senous effect of even a small reduction of alveolar oxygen 
tension on patients suffering from anaemia is considered on pp 57 
and 73 


Nitrous Oxide 

In common with other anaesthetics, nitrous oxide is earned partly 
withm the red cells and partly m solution in the blood plasma 
Durmg nitrous-oxide anaesthesia, the oxygen content of the inspired 
mixture is low The alveolar oxygen tension is dimmished, with 
corresponding diminution of the percentage saturation by oxygen of 
the circulatmg haemoglobm Should cyanosis exist it is due to the 
pre'^ence of reduced hemoglobin (i e hemoglobm not combined with 
oxygen), and m no way is it specifically assoaated with the presence 
of nitrous oxide m the blood 

Carbon Dioxide 

Blood can take up about twenty tunes the amount of carbon 
dioxide that water can at the same temperature and under the same 
carbon dioxide pressure Thus about 5 per cent of the COg earned 
m the blood is m solution, the remaming 95 per cent bemg in chemical 
combination, mainly in the form of bicarbonate ions In order to 
explam the transport of COg reference will first be made to certam 
general physico chemical principles , after\vards their apphcation to 
blood will be discussed 


PHYSICO-CHEMICAL PRINCIPLES * 

Any aqueous solution contams electncally charged particles knowm 
as ions Pure wafer is composed very largely of undissociated 
molecules of HgO, but some molecules are Associated to form hydrogen 
ions (H+, acid) and hydroxyl ions (OH“, alkahne) The H ions are 
charged with positive and the OH ions with negative electricity 
E\ery aqueous solution contains both H and OH ions and the product 
of their concentrations, measured m gram equivalents per litre, is 
found to be constant, 10“^* The reaction (acidity or alkalmity) 
depends on the ratio of H'*' to OH“ 

• U e are indebted to S L Cowan D Sc , for assistance with this section 
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The reaction of a solution is said to be neutral when the H and OH 
ions are present in equal concentrations (10“’) This is the case with 
pure water m which the formation of an H ion must of necessity be 
accompanied by that of an OH ion HjO H'*' + OH" When the 
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Fic 11 • — This scale includes the whole tange of possible degrees of aciditjr and 
alkalinity of any aqueous solution To euptess the reaction of a solution in terms of 
OH or of H lOn concentration would be cumbersome To obviate this a pH scale w 
nsed It will be seen that the pH value u the logarithm of the reciprocal of the H lon 
concentration or more simply it is tbe index number o{ the H ion concentrabon nitb 
the negative sign changed to positive 


H ion concentration is the greater the solution is acid, and when OH 
ions are in excess the reaction is alkaline No matter whether H or 
OH rows preponderate the reactwn of the solution is alvfsys expressed 
m terms of the concentration of hydtc^en ions present In an acid 
solution this ranges from I0“* to 10“’, and m an alkalme solution from 
lO"* to 10“** gram equivalents per hire An H ion concentration of 
1 gm equivalent per litre corresponds to 1 gm of hydrogen ions 
per litre In a solution mth an H ion concentration of 10"’ the iveight 
of H ions IS 10"’ (i e 0 001) gm per htre The reaction of an aqueous 
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solution can be expressed in terms of cH (H ion concentration), but 
as it is difficult to form a conception of such small weights, it is more 
convenient to refer to the concentration in terms of a loganthrmc 
scale where the units are simple numbers Only the numerical value 
of the power of the H ion concentration is used, omitting the negative 
sign The figure is then referred to as the pH Thus, for an aad 
solution with an H ion concentration of 10"*, the pH la 3, and this 
denotes that the solution contains 0 001 gm (1 mg ) of H ion per litre 
An alkalme solution wth an H ion concentration of 10"*(or 0 000000001) 
gm per htre is referred to as having a pH of 9 It iviU be seen that 
the lower the mdex figure the greater is the concentration of H ions 
and the more acid the solution, 10"* (1/1000) bemg a greater concen- 
tration than 10"* (1/100000000) As already stated, the H ion con- 
centration of a neutral solution, one which yields an equal number 
of H and OH ions as does pure water, is found to be 10"^ The 
pH of such a solution is 7 The pH of an acid solution lies between 0 
and 7, and that of an alkaline solution between 7 and 14 A strong 
aad, eg hydrochlonc acid, is one which in solution behaves as if it 
were dissociated almost completely into its constituent ions, yielding 
a high concentration of H ions, and having therefore a low pH A 
weak acid such as lactic acid dissociates less , the number of free H 
ions is less, and the pH is therefore higher 

Any solution contaming the salt of a weak acid has the property 
of preventing a change m pH, when a stronger acid is added to it, 
until a cntical pomt is reached The salt of a weak acid is sajd to 
act as a buffer, i e it damps down changes in pH which would otherivise 
occur when a stronger acid is added The quantity of strong acid 
which can be added to the solution before any appreciable change of 
pH occurs is a measure of the buffering -power of that solution Salts 
of weak bases, ammo acids or proteins may also act as buffers 

The salt of a weak acid and a strong base, eg sodium acetate, 
when dissolved in water, is dissociated partly into its constituent 
positive and negative ions 

Na Ac^^Na'*' + Ac** 

In any aqueous solution, the existence of a high concentration of 
acetate ions is impossible, since a high proportion of these immediately 
unite ivith H ions from the water to form undissociated acetic acid 
This leaves Na ions, together ivith the OH ions from the water, in 
dilute solution, and since these do not associate to form un ionised 
NaOH, the preponderance of OH over H ions results in the solution 
bemg alkalme 
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The addition of a stronger aad (le one more dissociated than 
acetic acid) may be regarded as the addition of H ions If HQ js 
added to a solution of sodium acetate, the H ions immediately combine 
with acetate ions Smce the product of the concentration of the H'*' 
and Ac“ ions m the solution ahva^ equals a constant fraction of the 
undis«ociated acetic acid, more sodium acetate dissoaates, and this 
process goes on until practically all the added H ions have united \vith 
acetate to form undissociated icetic acid The ability of the solution 
to act as a buffer by mopping up H ions persists until the supply of 
undissociated sodium acetate has been used up After this point has 
been reached, the addition of e\efi small amounts of strong acid will 
cause the pH to fall rapidly 

For simplicity in the above explanation the salt of a monobasic 
acid as chosen Hon e\ er, in blood plasma the mam buffer is sodium 
carbonate — the salt of a dibasic acid 

In solution carbonic acid dissociates in two stages, thus 
HjC 03 -»-H+ + HC 03 - 

i 

H+ + CO,-- 

The first stage is the dissociation of a moderately strong acid, and 
the second stage the dissociation of a neaker acid In plasma the 
sodium carbonate, a salt of the weaker acid (and the analogue of 
sodium acetate in the example given) may be regarded as partly 
ionised into sodium ions and carbonate ions 

N3jCO3^t2Na-^ + C03-- 

Smce carbonic acid dissoaated to the second stage is a weak acid, 
a high concentration of carbonate ions m solution is impossible 
Slost of these ions immediately jom with hydrogen ions from the 
water to form ions of the stronger acid, first stage dissociated carbonic 
acid 

COg— + H+-*-HC 03 - 

As a consequence of these changes, the solution contains mamly the 
following ions 

2Na+ + HCO 3 - -h OH- 

and it has an alkaline reaction because hydroxyl ions predominate 
When the plasma is exposed lo a certam tension of carbon dioxide, 
part of the carbon dioxide dissolves Of the amount dissolved a small 
and constant fraction is present in the form of undissociated carbonic 
acid (HjCOj), and of thia carbonic acid a small fraction is ionised to 



RESPIRATION 


43 


form hydrogen ions and bicarbonate ions (HCO3) Of the bicarbonate 
10 ns, in their turn, a still smaller fraction is ionised to hjdrogen 10 ns 
and carbonate 10 ns (CO3) Hie hydrogen ions added m this way are 
the equivalent of the hydrogen ions of the strong acid (HCl) m the 
sodium acetate example The added hydrogen ions can be regarded 
as combmmg ^vlth the carbonate 10 ns, formed by the dissociation of 
the sodium carbonate, to form ions of the stronger acid first stage 
dissociated carbonic acid This raoppmg up of the added H 10 ns 
continues until all the sodium carbonate has dissociated and its car- 
bonate 10 ns have become bicarbonate 10 ns 

The mam chemical changes resulting from the addition of COj to 
plasma can be summansed in the following equation 
Na^COa -I- HOH + COj 2NaHC03 
Through the transformation of sodium carbonate, the salt of a weak 
acid, mto sodium bicarbonate, the salt of a stronger acid, the solution 
has been enabled to absorb a considerableamount of COj ivith extremely 
little change of pH 

THE REACTION OF THE BLOOD AND THE 
TRANSPORT OF CARBON DIOXIDE* 

By " reaction of the blood " is meant the degree of aciditj or 
alkahmty of the plasma This is expressed in terms of pH The 
reaction of the blood remams almost constant, the hmits of venation 
being pH 7 3 and pH 7 6 Reactions outside these narrow limits 
cause cell death and are therefore lethal to the organism When one 
considers that acid products resulting from metabolic activity are 
constantly being added to the blood stream, it is a sinking fact that 
the reaction of the blood vanes so little The capacity of the blood 
to prevent changes m its reaction which would be mcompatible with 
hfe IS well illustrated by companng the effect of addition of acid to 
water wth the effect of addition of acid to blood The addition of 
Olcc <iil^{lOii^'dr<K:iiiancacid t<flOcc oi {mth, say, a pH 
7 6) does not reduce the pH below 7 3, whereas a similar quantity of 
acid added to 10 c c of distilled water has a profound effect on the 
pH — causmg it to fall from about 7 to 3 

Besides its buffering power blood has two other mechanisms of 
defence to maintam the constancy of its reaction Tlie first of these 
is the excretion of carbon dioxide by the lungs , the second is the 
excretion of any excess of acid or alkah by the kidneys Further 
• See loataote, p 39 
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reference will be made to these mechanisms after the buffenog power 
of blood and carbon dioxide transport have been considered 

If plasma on the one hand and blood on the other are exposed to 
the same tension of COj the volume of this gas taken up by the plasma 
IS of the order of one-half of that taken up by the blood , nevertheless, 
the pH of the plasma falls more In other words, plasma which is in 
contact with erj^hrocytes is much better bufiered than is separated 
plasma The process whereby the erythrocytes augment the buffering 
power IS the so-called chloride shift ' 

Preliminary to descnbing the shift itself, it is necessary to mention 
the composition of the erythrocyte and certam properties of hzemo- 
globm The main substance within the erythrocyte is the potassium 
salt of hsemoglobm Both oxy haemoglobin and reduced h$moglobm 
are amino-acids, i e m the presence of a strong base they behave as 
weak acids Since the concentration of potassium hiemoglobinate 
wvthm the red cell is large it follows that the contents are heavily 
buffered 

The shift which involves also a property of the red cell membrane, 
operates m the following w ay Some of the COj which enters the blood 
from the tissues remains m the plasma, and the rest passes into the 
corpuscles In both media the CO* combines with water to form 
carbonic acid which dissociates into H and HCO3 10ns Since the 
corpuscle has much greater buffering power than the plasma the dis- 
sociation proceeds more extensively within the corpuscle than outside it 
The membrane of the red cell tspermeable to anions such as HCOa" or 
Cl~, but impermeable (or only slightly permeable) to cations such as 
Na"*" or Because of the greater concentration of HCO3 10ns 
within the corpuscle a few will diffuse out, and since they cannot be 
accompanied by 10ns of the opposite charge, the corpuscle will be left 
with a net positive charge and will tend to attract n^ative ions from 
the plasma Of these chloride ions from the NaCl of the plasma, 
are most readily available and are the chief species of ion to pass in- 
wards Bicarbonate ions from the corpuscle are therefore exchanged 
for chloride 10ns from the plasma, and the increase m plasma bicarbonate 
helps to pre\ ent the nse of aadity of the plasma which would othenwse 
occur when COg is added to it 

Reduced hsemoglobin is a weaker acid than is oxy hemoglobin, and 
therefore mops up H ions more readily than does oxy hsmoglobm 
Reduced blood therefore takes up CO, in the tissues more readily 
than does oxygenated blood Conversely when oxy-hsmoglobm is 
formed again m the lungs, the CO* is liberated more readily from the 
blood. 
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When m the lungs., reduced haemoglobin is transfonned to oxy- 
haemoglobin, and COj is excreted mto the alveolar air, the chlonde 
shift IS reversed 

It IS knoivn that the combination of carbon dioxide Mith w'ater to 
form carbonic acid is a slow reaction, as also is the reverse reaction 
Withm the erythrocyte is the enzyme carbonic anhydrase, the function 
of which IS to accelerate the reaction m both directions Without the 
accelerating action of this enzyme, the time w hich the red cell spends in 
the tissue capiUanes would be too short to enable it to take up the 
carbon dioxide offered there, and, similarly, the time which the red 
cell spends m the lungs would be too short to enable it to unload the 
carbon dioxide 

Besides the mam buffering systems descnbed above, the proteins 
of the plasma and the phosphates make a small contnbution to the 
buffering power of blood Jloreover, the — KHj groups of the hsmo- 
globm have the power of combming very rapidly ivith about 10 per 
cent of the carbon dioxide of the blood 

Although blood IS a very effiaent buffer solution, and is able to 
absorb considerable quantities of acid or alkah with only a trifling 
change of pH, its capacity in this respect is not unlimited The buffer 
mechanism of the blood is the tmmediaU reaction of the body to any 
mfluence tendmg to displace the pH If the body did not possess 
further safety-valves for the elimination of excess acid or alkali, 
either might eventually accumulate to a degree sufficient to displace 
the pH of the blood outside the hmits consistent with hfe The safety- 
valves are the processes of respiration and unnary excretion The 
part played by respiration is illustrated by the immediate mcrease of 
respiratory exchange which follows moderately ^^go^ous exercise 
The COj resulting from the mcreased metabolism stimulates the 
respiratory centre, and respiratory exchange remains above normal 
until the excess COj is eliminated 

ilore vigorous exercise may cause lactic acid, a stronger acid 
than carbomc acid, to pass mto the bl«jd-stream This results in 
the production of carbomc acid from Ihebicarbonate of the plasma : 

HL + NaHCOa NaL -f- -f HCO3- 

The carbonic acid in its turn becomes dissolved carbon dioxide, 
respiration is stimulated, and the excess carbon dioxide excreted through 
the lungs This leaves the subject m a state m which the blood 
bicarbonate is reduced A slower readjustment of the pH of the blood 
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then occurs An> lactic acid which is not utilised in the body is 
excreted through the kidneys in combination mth iieak bases render 
mg the unne acid 

REGULATION OF RESPIRATION 

It Is endent that a great number of muscle groups are involved 
in respiration In forced respiration the nares dilate and contract 
the \*ocal cords are actively abducted and in fact most of the muscles 
of the abdomen thorax and neck are brought into action The 
CO ordmation of their working is ensured by centralisation of the con 
trol of respiration m one part ol the brain This respiratory centre 
situated m the medulla has an mherent rhythmic activity of its oivn 
but it is greatly influenced by outside stimuli and m addition its 
sensitivity to these stimuli is enhanced or depressed by modifying 
factors It IS convenient and probably correct to regard carbon 
dioxide as the stimulant to respiration The respiratory response to 
a given tension of COj depends on the slate of the respiratory centre 
at that particular time 

\anous conditions render the respiratory centre less or more 
sensitive to the action of CO, Of these oxygen lack is the most 
complicated and will be considered first 

The Effect of Oxygen lack 

The direct effect of a diminished blood oxygen tension on the 
respiratory centre is to reduce its sen«itivitj This would depress 
respiration were it not lor a compensatory mechanism The respira 
tory centre is Imked by nervous pathways to the carotid sinus and 
aortic arch A moderate diminution of oxygen tension m the blood 
stream miliates impulses in the carotid smus and aortic arch which 
are transmitted b> nerves to the respiratory centre rendenng it more 
sensitiv e If the oxygen bck is not too sev ere this indirect stimula 
tion prevails ov er the direct depression with a resultant mcrease m 
the respiratory rate such as is <«en for example m the burned 
respirations of deep nitrous oxide anaesthesia Thw effect is not «cen 
if the lespuatory centre is maiLedly depressed /p g by morphia^ 
in any case it is evanescent and should not be regarded as of practical 
importance in anaesthesia It is wrong ever to reduce the oxygen intake 
in the hope of stimulating respiration If the oxygen tension is de- 
creased bejond a moderate degree tne compensatory action of the 
carotid sinus reflex is lost and the respiratory centre becomes greatl) 
depressed through the direct effect of oxygen lack 
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The effects of oxygen-lack on the respiratory centre can be sum- 
mansed by stating that a reduction of blood oxygen can affect respira- 
tion in t^\o opposite ways A small reduction causes increased actnity 
of the respiratory centre (via the carotid sinus) with a corresponding 
increase in ventilation When the dimmution m oxygen intake is 
considerable, this early indirect stimulating effect is lost, and the 
direct depressant effect operates unopposed decreasing the sensitivity 
of the centre to such a degree that the response to an unaltered tension 
of COg in the blood is lessened, and the volume of pulmonary ventilation 
IS progressively decreased Oxygen lack must for practical purposes, 
then he regarded as a respiratory depressant The respiratory centre 
cannot function properly if it is not supplied with an adequate amount 
of oxygen, and it will quickly cease to function altogether if oxygen 
depnvation is extreme 

Depression of the Respiratory Centre 

The respiratory centre is rendered less sensitive to carbon dioxide 
not only by marked oxygen lack but by all drugs used to aid or produce 
antesthesia This is an undesirable, but inevitable, part of the toxic 
action of all anaesthetics Some are more toxic than others m their 
action on the centre, and their use is therefore more likely to result in 
respiratory depression Of these, morphia is an extreme example 
Its action On the respiratory centre is so marked that if given expen- 
mentally in doses large enough to produce unconsciousness, the respira- 
tory frequency may fall to 10 per minute before this is attained 
Respiration remams depressed and the reduced pulmonary ventila- 
tion results m a nse of blood COg well above that which normally 
stimulates respiration , in fact, only when it reaches this high level 
will the centre send out an inspiratory stimulus If admmistra- 
tion of morphia were continued until deep aniesthesia resulted, 
the respiratory rate might fall to the dangerously low level of 5 per 
mmute 

A degree of oxygen lack which may not be senous to a hghtly 
aniesthetised patient may be fatal to one whose respiratory centre is 
already depressed by large doses of aniesthetic drugs If during hght 
anesthesia respiration is obstructed for a short time (e g by the 
tongue fallmg back), it will probably recommence spontaneously as 
soon as the obstruction is reheved A similar obstruction m a patient 
deeply anesthetised is more senous Here the effect of oxygen lack 
superimposed on a respiratory centre already depressed by anesthetic 
drugs may be fatal unless oxygen is supphed to the patient by artificial 
respiration The practical point ansing from this is that the deeper 
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the aniEsthesia the more imperative becomes the maintenance of a 
clear airvsay and an adequate oxygen supply 

The sensitmty of the respiratory centre to COj may be depressed 
by any stimulus (e g a foreign body or strong ether vapour) to the 
laiymgeal entrance We infer this from the reactions to an attempt to 
pass an endotracheal tube uhen anjesthesia is not deep enough, par- 
ticular!)' if the patient has been premedicated with morphia Respira- 
tions up to now ha\e been nonnal, but as the tube touches the laryngeal 
entrance the cords may become closely adducted Depression of the 
respiratory centre from the laryngeal imtation is expressed in any one 
of the following three ways (a) Respirations continue but their volume 
IS greatly diminished The cords separate only very sbghtly, msuffi- 
ciently, m fact, to allow the passage of a tube The gaseous exchange, 
howe\er, is enough to maintain life (6) Respiration ceases until the 
effect on the respiratory centre of the rising COj tension in the blood 
forces the patient to separate his cords and inspire Inspiration here 
IS often preceded by an explosive cough, ic an expiratory effort 
(c) The cords remain approximated and respiration suspended until 
the heart's action becomes irregular from oxygen-want. The tube 
has to be removed to allow normal respuation to be resumed 

Increase in the Sensitivity of the Respiratory Centre 
The respiratory centre is rendered more sensitive to the action of 
carbon dioxide by pain, excitement, fear, rage, and by slight oxygen 
dehciencj’ Increase of breatlung during emotion or excitement is 
a phenomenon familiac to all It occurs dunng over-activity of the 
sj-mpathetic nervous system and is probably a primitive reflex, the 
eftect of w hich is to fill the lungs with air in preparation for the sudden 
muscular activity mvolved m fight, or in flight from danger It 
manifests itself not only by an incre*ise in the rate and depth of 
respiration, but also m a change from nasal to oral breathmg 

During nasal administration of nitrous oxide, increase in 
sensitivaty of the respiratory centre is evidenced (i) dunng induc- 
tion. where from excitement the patient abandons nasal respiration 
and breathes rapidly through the mouth, and (ii) dunng ana-stliesia 
too hglit for the operation being performed Tor example, if 
dental forceps are forcefully appli^, a lightly anssthetised patient 
breathing tranquilly through the nose may be stimulated to 
inspire vngorously through the mouth, with the result that 
anesthesia liglitens rapidly. Nose-breathing can be restored only 
by suspending the operation (so removing the afferent stimuli) 
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and covenng the mouth, until anesthesia has been deepened 
sufficiently If the rare condition of complete nasal obstruction 
IS excepted, all patients nose-breathe if anesthetised sufficiently 
deeply. Mouth breathing is ahvays a sign of light anesthesia 

Role of Carbon Dioxide 

As has been stated, CO, is the stimulus to respiration The blood 
m theJung^pdlanes and the atmosphere m the lung alveoh are m 
gaseous equilibrium Any change in the tension of the gases in the 
pulmonary capillanes is therefore immediately reflected in a change 
m composition of the alveolar air and vice versa During exercise COj 
IS liberated from the tissues mto the venous blood, causmg increased 
tension of COj in the alveolar air and therefore m the artenal blood 
resultmg in stimulation of the respiratory centre The mcreased 
pulmonary ventilation leads to increased loss of COj by «ay of the 
expired air until its tension m the alveolar air is again normal 

It IS found experimentally that COj depletion foUowung prolonged 
voluntary deep bieathmg allows the breath to be held longer than 
i\ould otherwise be possible The apnoea persists until, as the result 
of metabolic activity, the COj tension in the alveolar air and artenal 
blood nses sufficiently to stimulate the respiratory centre to such an 
extent that the subject is forced to breathe agam 

Dunng induction of mtrous-oxide anesthesia m a nervous, 
unpremedicated patient, it is often found that, after the rapid 
' puffing ’ respiration of excitement, a penod of apncea follows, 
the duration of which dependson the degree of hyperpnoea precedmg 
it This IS due to reduction of the CO^ content of the alveolar 
air and blood by the excessive breathing Such a phase of apncea 
may exceed 30 seconds Since reduced oxygen intake is a neces- 
sary accompaniment to induction with NjO, the period of apncea 
can result in slight cyanosis This may disturb the anaesthetist 
if he IS not familiar with the condition and the cause There is 
no need for alarm because this state of affairs occurs only dunng 
light ancesthesia and the nsii^ COj content of the blood and 
alveolar air will soon stimulate the respiratorj centre to its 
normal activity The fact that breathing is nasal when respira- 
tion IS resumed after a penod of such apncea is accounted for by 
the deepened aniesthesia 

Respiration is regulated by the action of COj on the respiratory 
centre m such a way that the tension of COj m the* alveolar air is 
maintained at an almost constant level 
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Bj regulating the excretion of COj respiration is one of the 
important mechanisms by \>hich the reaction of the blood is kept 
constant Any alteration in the CO, content of the alveolar air or 
artenal blood causes an almost instantaneous change m the respiration 
nhich helps to mamtam the COjOf the alveolar air and the hydrogen ion 
concentration of the blood at constant levels 

If the tension of COj m the alveolar air is raised beyond certain 
limits this gas loses its stimulating effect and becomes a powerful 
respiratory depressant This depression can be produced by prolonged 
inhalation of an atmosphere containing approximately 10 15 per cent 
CO 2 It follows the mhalation of higher concentrations of COj more 
rapidly 

Nervous Stimuli 

The respiratory centre is also affected by impulses from the lungs 
via the vagi When the lungs are distended to a certain tension 
impulses travel up the vagi to the respiratory centre cutting short 
the inspiratory phase w hereupon expiration begins This phenomenon 
IS known as the Henng Breuer reflex Similarly emptying of the 
lungs IS followed by vagal impulses which in turn initiate inspiration 
These reflexes have the effect of making respiration less deep and more 
rapid than it would olhenvise be 

Probably this action of the vagus is important m artificial 
respiration If the Henng Breuer reflex is not lost forceful 
artificial deflation of the lungs is followed by impulses causing 
inspiration Repeated artificial filling and empt 3 nng of the Jungs 
may in this way eventually play a part in the re establishment 
of natural breathing 

The same effect may be seen when NjO is administered under 
pressure The distension of the lungs so produced may institute 
a w eak expiratory effort If these tivo effects are evenly balanced 
apncea wall result until either the pressure of gas administered 
IS lowered or the alveolar COj rises sufficiently to force a breath 


ANOXIA 

This IS the condition of deficient oxygen supply to the (issues * 
Since death from anesthesia must be regarded as death from anoxia 
It IS well to see at what points the transfer of oxygen from the atmo- 
spheric air to the tissues may break down 
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Causes of Anoxia and their Treatment 

(A^) Respiration of atmospheres deficient in oxygen — Tlie 
treatment is obvious 

(B) An> interference ith respiratory exchange 

1 Respiratory ohslrudion as by occlusion of the lar5'n\ the 
tongue or a foreign body or by laryngeal spasm 

2 Depression of the respiratory centre as by sedatii e drugs or by 
lack of oxygen Tins decreases pulmonaiy ^ent!latlon by dimmi hing 
both rate and amplitude of respirations 

3 Emph\sema phthisis and pneumonia causmg diminished area of 
air/blood contact 

These three dimmish the respiratory minute \ olume 

4 Mucus in the bronchial tree And rarely 

5 Pulmonary fibrosis 

4 and 5 cause decreased permeability by purely mechanical mean* 

Any respiratory obstruction must be remo\ ed and conditions 3 4 
and 5 necessitate an mcrease in the oxygen supply above normal m 
order to increase the alveolar oxygen tension 

(C) Anamia — A given alveolar oxygen tension results in the oxj 
genation of a definite proportion of the hsemoglobm of the blood Thus 
at a fixed tension the oxygen carrying capacity of the blood depends 
on Its total htemoglobm content Reference to the oxygen association 
curve of hsmoglobm (p 38) shows for example that when the 
alveolar oxygen tension is 33 mm Hg the h*emoglobm irrespective 
of the total amount present is GO per cent saturated with oxygen 
While the degree of oi^gen lack resulting from this alveolar oxjgen 
tension is scarcely enough to render an average patient unconscious 
it could be fatal to a patient «uffenng from advanced ansemia 

In anjenua the amount of haemoglobm available for the transport 
of oxygen is dimmi«ihed Even with a normal alv eolar oxygen tension 
the supply of oxygen to the tissues is dimmished because of deficient 
transport If the alveolar oxygen tension is low ered the hjemoglobm 
will be only partly saturated with oxygen so that the supply to the 
tissues already reduced because of the anamia will be further 
diminished The treatment should be prophylactic to ensure an 
adequate alveolar O'^gen tension and if despite this anoxia still 
exists the only effective treatment is to provide an mcrease m the 
oxygen carrying capacity of the blood bv blood transfusion 

(D) Diminished rate of circulation — Here although the oxygen 
tension and the amount of hemoglobin may b" normal the slowly 
circulating blood does not carry oxygen to the tissue^ quickly enough 
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for their needs This condition of arculatorj insufficiency with fall 
of blood pressure maj occur in cardiac disease or as a result of shoch 
or ONerdose of anaesthetic drug If the condition occurs during 
anaesthesia 'idministration must be stopped immediately and the head 
should be lowered to increase the circulation to the medulla 

(E) In the tissues themselves — At least one respiratory 
enzyme or ferment is pre ent in all body cells The abihty of the 
cells to utilise oxygen depends on the activity of the enzyme the 
poisoning of which (the classical example is by cyanide) causes abrupt 
and fatal termination of the oxidative processes throughout the body 
A gradual increase in the concentration of aniesthetic within a cell has 
a corresponding poisoning effect on the enzyme with corresponding 
dimmution of cell oxidation and activity If the enzymes of the cells 
of the respiratory centre are poisoned in this way the centre wall suffer 
from anoxia though abundant oxygen may be circulating in the 
blood The respiratory centre is thus depressed and the minute 
\olume exchange falls olf appreciably In the extreme case the 
respiratoiy centre is so depressed that it does not respond to any 
•stimulus and respiration ceases The treatment is to stop admmistra 
tion of the aniesthetic immediately Provided circulation continues 
and the respiratory centre is not irreparably poisoned artificial respira 
tion wll supply oxygen for the activity of the heart and the continued 
circulation will result in excretion of some of the ansesthetic drug 
Progressn e diminution of the tension of amesthetic m the blood will be 
followed by a shift of anesthetic from all the other tissues (mcludmg 
the respirator) centre) until a concentration is reached at which the 
centre wall be able to utilise the oxygen recover its activity and agam 
respond automatically to the stimulus of COj If interference ivith the 
metabolism of the respiratory centre has been severe and prolonged 
It may never recover its activity and even if it does the damage 
maj be so severe that respiration contmues for only a few hours It 
should bo noted that in this fifth type of anoxia the patient has a good 
colour even m exlretnts Because of tissue poisoning he is dying of 
oxvgen want in the midst of plenty 

The gravnty of a patient s condition increases if any two or more 
of the causes of anoxia co exist 
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CHAPTER V 

CYANOSIS 

Cyanosis is evidence of incomplete oxygenation but its absence 
whether the patient be conscious or unconscious is not an assurance 
that the circulating hemoglobin is fully oxygenated In the healthy 
subject breathing air cyanosis may be seen in localised areas in which 
there is a decrease m the rate of flow of blood through the capillaries 
as the result of exposure to cold or from increased viscosity of the blood 
from other causes the slowly circulating blood is then depmed by 
the tissues of a greater percentage of oxygen than usual Cjanosis 
occurs too m a generalised form during inhalation of atmospheres 
grossly deficient m oxygen It is seen also m certain pathological 
conditions even i! the patient is breathing air The commonest of 
these are (i) changes in the lungs which retard the transference of 
oxygen from the alveoli to the capillanes and (u) cardiac failure 
resulting in stagnation m the S3rstemic capillaries Cyanosis may also 
result from the use of drugs of the sulphonamide group Apart from 
this last cause its presence denotes the existence m the blood stream 
of a considerable proportion of haemoglobin in the reduced form— 
i e not oxygenated 

In this chapter the occurrence of cj'anosis during ansesthe«ia tn an 
oihemnse healthy paUent is considered and the absence of this colour 
change in the anremic subject under similar conditions is also explamed 

The anaesthetist must appreciate the setiology and significance of 
cyanosis if he is to administer an anaesthetic safely Anesthetics 
with the conspicuous exception of nitrous oxide can produce profound 
anassthesia e\ en in the presence of unlimited oxygen and indeed should 
always be administered in an atmosphere contaming at least 20 per 
cent of oxygen Under these conditions cyanosis is a danger signal 
indicating a breakdown in the transfer of this oxy gen to the lungs the 
commonest causes being respiratory obstruction or respiratory arrest 
If either of these is present it must be relieved at once 

In nitrous-oxide anssthesia conditions are different This ana?s 
thetJC of lunited potency has often particularly in dentistry to be 
administered without the help of premedication To be effectiie m 
an average patient its weak anxsthetic qualifies have to be reinforced 
deliberately by a reduction of the oigrgen mtake to such a level that 
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some degree of cyanosis is usually noticeable Cyanosis is here 
unavoidable and not of serious import It exists in the presence of 
a free ainiay, and smce the bght anaesthesia of NgO does not depress 
the respiratory centre, the lack can be relieved at wiU by the addition 
of oxygen to the mixture or by allowing the patient a few breaths of 
atmosphenc air 

The great majonty of patients can become cyanosed while there 
Is still enough oxygen earned in the blood stream to support the vital 
functions of the body, but the anaemic patient may die of anoxaemia 
^Tltho^t showing cyanosis The presence or absence of cyanosis 
depends on the quantity of reduced haemoglobm in the blood Reduced 
haemoglobm is purple (in contrast with fully oxygenated haemoglobm 
which IS bnght red), and when present in the capillaries in sufficient 
concentration imparts a blue colour to the skm, irrespective of the 
amount of oxyhaeraoglobm present As has been desenbed (p 3S) 
the quantity of reduced haemoglobm in the blood is detemuned by the 
total hamioglobm content and the tension of oxygen m the alveolar 
air to which it is exposed This latter, m turn, is dependent upon 
(a) the oxygen percentage in the mixture of gases inspired, {b) the 
adequacy of the pulmonary ventilation, and (c) the barometric pres- 
sure The last, because its fluctuations, m practice, are negbgible, is 
unimportant 
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Cjanosis wiU not appear until the aheolar oxygen tension is so far 
diminished that 5 gm (or more) o! hiemoglobin per 100 c c of blood 
remain reduced The existence of this absolute amount of reduced 
hicmoglobm m the blood determines the development of cyanosis 
This point may be illustrated by companng the effects of inhalation 
of a mixture of nitrous oxide with 12 per cent oxygen (which will 
result in an alveolar oxjgen tension of approximately 35 mm Hg ) on 
three tjpes of patients a man with an average hiemoglobin content 
(i e 15 gm per 100 cc of blood) a plethonc man (with say, 18 gm 
perlOOcc of blood) andanan;emicpatient(vnth,say,9gm perlOOcc 
of blood) Irrespective of whether a person is plethonc, normal or 
anffimic an oxygen tension of 35 mm Hg is sufficient to oxygenate 
onlj tWQ-thirds of the circulating hsemoglobm The attenal blood of 
the average man therefore will contain 5 gm per cent of reduced 
hamoglobin (the capillary blood will contain a higher percentage) and 
he will be cyanosed the plethonc man with 6 gm per cent of reduced 
h«emoglobin m his blood will be appreciably ejanosed, while the 
anaraic man whose blood will contain only 3 gm per cent of hasmo- 
globin in the reduced form will not be cyano«ed at all, smee 5 gm per 
100 c c of blood is the minimum concentration necessary to produce 
this colour Calculation of the amount of oxygen earned by the Hb 
(p 38) shows, howev er, that the blood of the plethonc subject, despite 
the fact that he is cyanosed, still has a greater oxygen content 
(18 X I X 1 34 16) c c per 100 c c of blood than the normal 
(15 X I X 1 34 = 13 4) c c and carries double the amount of oxygen 
(9x|xl34 = 8)cc earned by the blood of the anamic patient 
who shows no colour change Since nitrous oxide is earned m simple 
solution m the blood plasma, the blood mtrous-oxide concentration of 
these three types of patients will be the same If the patients are 
tested for depth of anssthesia. it will be found that the anaemic is 
the most profoundly anaesthetised (because he is suffenng from the 
greatest oxygen lach) Even when conscious the diminished hemo- 
globin content of his blood subjects him to 'ome degree of Oj-lack so 
that his general fitness, and with it his resistance to anaesthesia, is 
reduced The plethonc and the average man are mvanably more 
robust and anaesthetic resistant, and so there is greater difficulty in 
rendering them unconscious and in maintaining aniesthesia 

Since a concentration of 5 gm of reduced hemoglobin per 100 c c 
of blood is necessary to produce i^ano^is, it follows that a patient with 
an advanced anaimia (of, say, 33 per cent Hb , i e 5 gm of Hb per 
100 cc of blood) can never show this colour change It would be 
necessary for all Ins hamoglobin to be m th** reduced form for cj anosis 
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to occur Since no o^cj hemoglobin itould then be circulating, such a 
patient must die of oxj gen lack before C} anosis could manifest itself 

Recognition of the abo\e facts is essential if mtrous oxide is to be 
gi\en with safety and confidence In an nnpremedicated, plethoric 
man, the oxygen content of a nitrous oxide oxygen mixture has to be 
lowered to such an extent that q.'anosis is inevitable if anaesthesia 
IS to be achieved On the other band, the administration of a similar 
mixture to an anaemic patient will not cause any change of colour, but, 
if contmued, wall produce a truly desperate state of tissue anoxia 
If the anesthetist mterprets this latter patient's muscular tranquillity 
and unchanged colour as proof that anesthesia is not deep, the peace 
of his fool s paradise iviU soon be rudely disturbed by the urgent 
necessity for resorting to artificial respiration 

Fig 13 represents the degree of oxjgenation of the blood and the 
complexions of the three t3ipes of patients descnbed, when breathing 
air, when breathing a mixture of nitrous oxide and 12 per cent oxygen 
(i e sufficient to produce tw o-thirds saturation of the hsmoglobm), 
and the depths of anaesthesia thereby attamed These latter are 
indicated by a X ui the last column, which depicts the four planes of 
the third, or surgical, stage of anaesthesia (fig 15, p 63) The red 
and blue circles indicate the number of grams of oxyhamoglobin and 
of reduced haemoglobin respectively present in 100 c c of blood m 
these three types of patients 

Fig 14 shows the oxygen reduction in a mtrous oade o:Qigen 
mixture necessary to produce upper first-plane anaesthesia in these 
patients In the plethonc patient the oxygen percentage has to be 
reduced to about 7, and profound cyanosis is inevitable , in the normal, 
to about 12, which results in mild cj’anosis , and in the anemic only 
to about 18 and the patient’s colour remains unchanged 
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CHAPTER VI 

SIGNS OF ANESTHESIA* 

In considering the effects, of administenng increasing amounts of an 
antithetic we are concerned pnmanly with those everted on the func- 
tion of the central nervous sjretem as judged by changes m the muscular 
responses evoked by external stimuli and by changes in respiration 
It IS only these that are directly observable There is progressive 
depression in the function firstly of the cerebral cortex, later of the 
niidbrain which is involved m the completion of reflex arcs by which 
the individual reacts unconsciously to noxious stimuli still later of 
the spinal cord and lastly of the respiratory centre in the medulla 
oblongata 

The term ' unconscious ’ will be used here as impljing that the 
patient cannot give a correct account of what was happening to him 
or in his immediate environment during that penod A man may 
be unconscious in this sense even though stimuli are found to provoke 
reflex actions so complexly co ordinated that they simulate skilled 
reactions dependent on paths (com and to the cerebral cortex We 
assume also that consciousness proper is associated solely with the 
functioning of the cerebral cortex, and that the activities of the rest of 
the nervous system are purely automatic or reflex. 

It is generally easy to tcU whether a patient is unconscious or not, 
but in anaesthesia, deterrauiation of the depth of unconsciousness 
reached is important and this can be assessed only by the interpretation 
of landmarks or signs which are frequently present at different stages 
Is the patient adequately anaesthetised for the operation contemplated ? 
Is anesthesia too light and response to stimuli therefore possible, 
unnecessanly deep for the operation being performed, or even dan- 
gerously deep ’ We have heard a doctor enquire from time to time 
during the induction penod, ‘ Are you asleep yet?” apparently 
assuming ancestlicsia to be attamed when the patient ceased to answer 
Other unorthodox procedures, not calculated to instil confidence into 
a patient approaching unctmsciousness, are to prod his eye vigorously 
to discover the reaction or to stick a pm into him or pull his hair to see 
whether there is any response to these stimuli I 

• Tins chapter deals with ani»thetics other than nitrous oxnlc I or signs 
of nitrous oxide anajsthesva sec Chapter VII, 
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With very few exceptions excess of any anaesthetic can bnng about 
death, however perfect the airivay or abundant the supply of oxygen 
To facilitate determination of the depth of ansesthesia it is proposed 
to employ the very useful plan devised by Guedel ^ of Cahfomia, of 
dividing the period between the commencement of induction and the 
point of death into the four stages (I) analgesia (II) dehnum, 
(III) surgical anesthesia and (IV) respiratory paralysis shown m the 
chart (fig 15), and to mark on the chart the changes m the intensity 
of certam selected nervous activities and reflexes durmg these stages 
Further, Guedel subdivided stage III that of surgical anaesthesia into 
four planes ’ 



l 2 3 4 5 6 7 


Fig lo {After Cttedel i) 

Column 1 — Abdomioal respirafioa Column 4 — Eyelash reflex 

2 — Thoracic respiration 5 — Eyelid reflex. 

3 — Eyeball activrti 6 — SiraUoi/ing reflex 

Column 7 — A onuting reflex 

Guedel based his chart on observations made when administering 
ether on an open mask to numerous patients Morphia or other 
sedatives were not given beforehand sufficient oxygen was alwajs 
available, and, needless to say, a clear airway was maintamed through- 
out The conclusions drawn from administermg ether roughlj hold 
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good for all anesthetics capable oi producing death e-ven when oxygen 
IS abundantly suppLed The chart, of course, is not invanably accurate 
for every patient or for every anaesthetic For this to be pos'iible 
there would have to be no individual variance in the reactions of 
patients, and all aniesthetics would have to produce identical results 
In the chapters on individual ansesthetics we draw attention to signs 
of ansesthesia characteristic of the particular anjesthetic when these 
do not conform closely to Guedel s chart 

During the first stage, that of ' analgesia,” there is progressive 
decrease in reaction to painful stimuli, and progressive Joss of con- 
sciousness, the latter becoming complete at the end of the stage 
(line B) If the eyelashes of a con'icious patient are touched this mild 
stimulus will as Human * has pointed out, evoke movements of the eye- 
lid, but this response gradually diminishes until it is lost at the level 
indicated by line B The first stage is generally easily recognised 
The patient is conscious and generallj co operative Occasionally 
there is hystena, which may turn into struggling or delmum m the 
second stage In any case u is difficult to draw a sharp line between 
the end of the first stage and the beginnmg of the next 

The second stage is known as that of ‘ delinum,” although the 
delinum may be merely potential or may be manifested by incoherent 
talk or actual struggling During this stage the patient is unconscious 
and will subsequently remember nothing of what has happened He 
maj become turbulent or remain peaceful according to the anasthetic 
used, the type of patient he is the presence or absence of stimuli, 
and the skiU of the anesthetist Conscious control is removed, and he 
may struggle either from a fear, the existence of which had been con- 
cealed dunng the first stage, or because he is being subjected to some 
stimulus e g pain from premature incision or extraction, or even the 
noise made by dropping instruments, or as a response to injudicious 
conversation 


It is noticed that any inadvertent noise during this stage is 
apt to evoke in those who have been subjected to air raids, 
responses of terror such as would follow explosion of a bomb 


Forcible restnint is liable to initiate or aggravate a patient’s struggles 
Thi> too la the result of stimuli evoking in the aggressive the response 
which might be expected Until the patient has entered the third 
stage of anxstliesia, a soothing word or a pat on the arm is often more 
effective than vigorous handling If, however, a strugglmg patient 
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does not respond to gentle treatment he must be restrained firmlj 
enough to prevent him damagmg hunself or others 

Struggling dunng the second stage is liable to occur (i) m the 
patient \\ho is not really calm but has remained so dunng the first 
stage by the exercise of great self control Dunng a slo\\ induction 
the amount of struggling is hkely to be proportionate to the ner\ ous 
tension, and the release of mental control dominant dunng conscious- 
ness may result m unexpected violence Strugglmg occurs most 
frequently and most violently m the taut, active type of patient, 
(u) if the patient is unpremedicated , (ui) m alcohohcs or other drug 
addicts, (iv) when induction is too slow, the patient being kept too 
long in this stage of potential delinum , (v) when the an®?,thetic is 
given badlj , e g as w hen the concentration of ether vapour is mcreased 
too rapidly 

The incidence of delinum vanes with different anesthetics, bemg 
greatest with inhalation agents, particularly if mduction is slow For 
example, mduction with ether alone is slow ,becau«e strong ether vapour 
is unpleasant, and the patient therefore cannot inhale it m concentra- 
tions sufficient to mduce ansesthesia rapidly In contrast to this, 
when a patient is given an intravenous anaesthetic such as pentothal 
the stage of potential delinum is passed through m a matter of seconds 
Nitrous oxide aI»o affords a rapid and pleasant induction Neverthe- 
less struggling occurs not mfrequentlj with this anasthetic, because 
unless the oxygen mtake is markedly diminished, it may be impossible 
to produce surgical antesthesia m an unpremedicated patient 

Delinum may occur also tn the second stage after an operation when 
the patient is emerging from the effects of the anesthetic, though it 
manifests itself then more often as restlessness than as violent strugghng, 
since the patient is back again m bed, where noise and external stimuli 
are less Further, post-operative depression decreases anj tendency 
to violent movement On the other hand, there may be sufficient 
post-operative pam to cause restlessnes which will persist unless 
morphia is given 

Third stage — ^From levdC, where stage II passes mto stage III, 
muscular depression is sufficient to prevent the patient from movnng 
his hmbs m response to stimub This level marks the onset of ‘^urgical 
anresthesia and is recognisable bj (i) the on«et of automatic respiration, 
particularly noticeable m cases where the breathing has previously 
been irregular, and (u) the loss of the ejehd reflex — i e closmg of the 
eyes evoked by retraction of the eyrelid Only m the third stage 
(C-D), that of surgical anaesthesia, should surgical operations be 
performed As shown in fig 15, this stage n> extensive and is sub- 
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divided into four planes Plane I is charactensed by progressive 
decrease both m the range of ewirsion of movements of the eyeballs 
and m the rapidity of these movements until at the bottom of the 
plane the eje comes to rest m the central position vhere it remains 
throughout the deeper planes The range of eyeball movement is 
represented on the chart by crosses Plane 2 is dealt with at the end 
of this paragraph At the upper boundary of plane 3 there begins a 
progressive decrease m thoracic respiration Paralysis of the inter- 
costal muscles increases until at the bottom of the plane respiration 
IS earned on solely by the diaphragm Plane 4 is marked by complete 
paralysis of the thoracic muscles and a progressive dimmiition in the 
activity of the diaphragm and at the bottom of this plane respiratory 
effort IS absent because of paralj'sis of the respiratory centre from over- 
dose of the anesthetic drug Plane 2 by the process of exclusion is 
charactensed b) central immobile eyeballs and complete functioning 
both of the mtercostal muscles and of the diaphragm 

In the fourth stage (D-E) that of respiratory paraljsis the 
heart stiU beats and the patient will remain ah\e if kept adequately 
oxygenated by artificial respiration By continuing artificial respira 
tion enough anaesthetic may be excreted to alJow the respiratory centre 
to recover and mutate respiratory movements on its own account 
E marks the lev el of cardiac arrest A few cases are on record where, 
through massage or needling of the cardiac muscle the heart beat has 
been restored and the patient revived even after this level has been 
reached 

Guedel has estimated that the minimum times m minutes taken 
by different mhalation anesthetics to reduce a patient to respiratory 
arrest are roughly as follows ether 10-30 chloroform 4-12 ethyl 
chlonde 1-4 cjdopropane J 3 No matter what the drug or its 
method of administration the time depends on the rate at which it is 
given and on the rate of its ab^rption Animal expenment shows 
that a drug such as pentothal if rapidly injected can produce respira- 
tory arrest in the cuculation time of the blood 

On general principles the patient should be reduced to the minimal 
state of depression necessary for the operation in hand to be performed 
to tbe surgeon s satisfaction The shorter and the less profound the 
an^thesia the <.maUer is the nsk to which the patient is exposed 
during operation and the less the likelihood of post-operative com- 
plications In other words the lighter and shorter the anaesthesia, 
the better 

The depth of anesthesia neces<ar> for dincrent operations vanes 
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considerably, e g for tooth extraction muscular relaxation is not essen- 
tial (the mouth being kept open by a prop), and it can be performed 
at the very top of plane 1 — in fact, as is well knovm, it occasionally 
takes place madvertently at the bottom of stage II ivithout deletenous 
effect on the patient Examples of other operations which can be 
performed in plane 1 are amputations, operations on the chest and 
on the bram, and any other procedures not requirmg marked muscular 
relaxation Operations in the abdominal cavity, however, necessitate 
profound anesthesia to abolish the protective reflex spa«m of the 
abdommal muscles The reflexes from the upper abdomen are more 
vigorous than from the lower, and it can be stated, as a generali'ation, 
that plane 2 is necessary for lower abdommal surgery (e g appendicec- 
tomy) and plane 3 for most operations in the upper abdomen (e g 
excision of the gall bladder) 
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CHAPTER VII 

SIGNS OF NITROUS-OXIDE ANESTHESIA 

Almost every anesthetic can reduce a patient to the point of death, 
even though he is abundantly supplied with oxygen The one notable 
exception is nitrous oxide, the lack of potency of which is not suffici 
ently appreciated If this, gas. mixed with enough oxygen to meet 
basal metabohc requirements, is administered to an average, fit, 
patient uho is unpremedicated, not only is it impossible to reach 
the point of death but it is often difficult to subdue him sufficiently 
to allow even a minor operation to be performed This can easily be 

*«« 
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verified in a patient who is to have a tooth extracted, by admmistenng 
nitrous oxide ^\'lth. say, 12 per cent oxygen, and then allowing the 
dentist to begin The great majority of normal patients in these 
circumstances will show considerable respon‘:e to the stimulus Some 
will scarcely lose consciousness and will give a vivid and unflattering 
account of the experience 

GUedel^ points out that mtrous oxide given with sufBcient 
oxygen to satisfy basal metabohc needs can depress a patient m 
average health only a certam amount — from the Ime A to about the 
level (a) , a man of 30 in normal health starts an^thesia from the 
metabohc rate level (p 89) corresponding to his age, and he will be 
depressed to (i) , the same man stimulated by pam and fear will have 
his startmg pomt raised above the normal metabohc rate hne and can 
be depressed by a similar mixture of mtrous oxide and oxygen only 
to the level (c), which is just below the level at which consciousness 
IS lost , if it IS desu-ed to anjesthetise the patient m this condition with 
nitrous oxide as the sole anasthetic, anaesthesia can be achieved only 
by reducmg the oxygen m the mixture In a robust patient this 
deprivation of oxygen is often the mam factor in the resultmg uncon- 
sciousness The signs of aniesthesia are then compbcated, and possibly 
overshadowed, by the signs of acute asphyxia The more the oxygen 
IS reduced, the more are the signs of anssthe«ia masked by those of 
asphyxia Because of the mtroduction of this asphyxial element, 
which has no place in other amesthetics, the utility of Guedel’s chart 
for depth of anjesthesia is mvahdated and the anaesthetist must rely 
on nev\ landmarks 

It is essential to understand, during the administration of nitrous 
oxide, which signs mdicate that the patient is (i) adequately ames- 
thetised, and (ii) dangerously asphyxiated 

The begmner often finds it difficult to know both when a patient is 
unconscious and when he is ready for operation To judge the 
moment precisely needs much experience It easy to subdue the 
patient until he is obviously deeply anasthetised. but by domg so 
refinements of anesthesia are missed It is impossible to give any 
fixed rules for determming the percentages of nitrous oxide and oxygen 
v\hich will produce the correct depth of anesthesia for anj particular 
patient or for any particular operation 

The chief signs of nitrous-oxide anesthesia m order of importance 
are respiratory signs, muscular signs, eje signs, and colour changes 
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Respiratory Signs 

The onset of automatic respiration is, with nitrous oxide as with 
other anJESthetics, the sign that surgical ansesthesia has been reached 
In an average induction the breathing becomes automatic after about 
twelve full breaths of nitrous oxide have been taken, that is after 
about 40 seconds There is, however, this difference between the onset 
of surgical anasthcsia wath nitrous oxide and with less pleasant inhala- 
tion anssthetics such as ether and ethyl chloride — with the former, 
induction is not oppressive, so that the patient who is not nervous 
breathes regularly from the start, and since the early stages of 
anaesthesia are passed through rapidly, only the highly nervous show 
any irregulanty of the respiratory rhythm during induction Indeed, 
if, during this period the patient controls himself well, there wiU be 
bttle if any appreciable change in the character of respiration as uncon- 
sciousness supervenes This is m marked contrast to the obvious tran- 
sition from irregular to automatic respiration which occurs at the onset 
of surgical anssthesia when a less pleasant induction is produced, as by 
ether or ethyl chloride In denial anaesthesia, the presence or absence of 
nasal breathing is an all important indication of the depth of anesthesia 
When nitroua oxide is given nasally a one-way valve on the nose piece 
through VN Inch expirations are audible allowsany change in the character 
of the re^ipiration to be detected at once The first thing to be learnt 
is that unless respiration is regular and is entirely naval the patient is 
not sufficiently anaesthetised to tolerate any operative interference 
These must be regarded as negaliv e signs, since in a co-operative patient 
respiration may show these features from the beginning of induction 
WTien such a patient v> in the analgesic stage the respirations may lead 
the anesthetist to think that anesthesia has been reached, and he may 
allow tfie dentist to begin work If the patient is very placid, he may 
continue to breathe through hi> nose even though lie is aware of the 
extraction It is obvaously undesirable for extractions to be performed 

at this stage, but this is not a grave mistake if the patient is sufficiently 
placid, because, as a rule, when he recovers he merely remarks as a 
matter of interest that he knew of the removal of the tooth Tiie 
presence of nasal breathing does not prove that the patient is ade- 
quately anaisthetived, but ifs absence shows that he ts not 

Surgical anaisthesia sufficient for minor operations, such as incision 
of an ab'-ccss or dental extractions, is charactensed by automatic 
rcT>pirations resembling those of natural sleep, though somewhat deeper 
and quicker At a sbghtl> deeper level of anesthesia there may be a 
gentle snore or slight catch m inspiration, and the presence of either 
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of the<ie more positive signs is a confirmation that an^th&>ia is deep 
enough for minor surgery 

In a normal or plethonc patient, deepening anaesthesia is marked 
by an mcrease m the frequency of respiration, followed by a change m 
its character The free, natural respirations give place to snatchy, 
irregular, guttural, or sobbing breaths These abnormal respirations 
are due to oxygen-lack, which causes irregular, jerky, unco ordmated 
action of the laryngeal muscles and are seen only m the robust who, 
by this time, show other confirmatory signs of unconsciousness At 
a deeper stage still there is a tendency for uispirations to be short 
and sobbing, whilst expirations become markedly prolonged 

Muscular Signs 

Smce muscular relaxation results from deep anassthesia it is seldom 
a feature of nitrous oxide anaesthesia Fortunately relaxation is not 
essential for a minor operation such as the opening of an abscess, nor 
for dental extractions, because here the mouth is propped open before- 
hand Durmg induction the patient may make movements which 
are purposeful For example, he may cross his legs or fold his arms 
to make himself more comfortable he may attempt to push away the 
operator to show that he is not yet an»sthetised or he may put uphis 
hand to adjust the mask or nose-piece because it is uncomfortable. 
During light anssthesia a painful stimulus may lead to movement or a 
moan which shows that anesthesia is inadequate The movement, such 
as an attempt to grasp the operator s hand, is usually purposeful, 
and the moan is one of pain This movement and moan are generally 
easily distinguishable from those of deep anoxia m which condition the 
movements are purposeless and unrelated to stimuh and the moan is 
a phonation which does not give the impression of being caused by 
pain If the oxygen intake is markedly reduced the tone normally 
present in muscle is readily superseded by spasmodic contraction 
This spasm occurs first m the small muscles of the tongue, but is here 
rsreiy !toticed, and its eariy can he OTore ccnyementiy 

observed m the eye, where spasm of the mtrmsic muscles pulls the 
eye out of centre If the eyeball be examined at this stage, it wtU 
usually be foimd moving from side to side At a later stage it becomes 
fixed in an eccentnc position, generally downwards Twntching and 
spasmodic contractions of the larger muscles of the arms and legs 
follow Later there may be opisthotonos, and mspiratory croiving 
caused by spasm of the adductor muscles of the lar3mx If deprivation 
of oxygen is continued still further, this spasm gives way to complete 
muscular relaxation, quickly followed by death 
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Eye Signs 

E>e signs are helpful to a beginner but the expenenced anesthetist 
comes to use them less and less nntil finally he rarely if ever inspects 
the eye 

Earlj in induction if the eyelid is drawn back it will be found 
resistant (fig 17) The anesthetist should never mspect the patient s 
eje at this stage If uncon 
sciousness has not been 
reached the hftmgof theeje 
lid may be construed as a 
prelude to premature opera 
tion and so alarm thepatient 
A patient so disturbed may 
begm to breathe through his 
mouth or may move his arms 
to indicate that he is not 
unconscious If the ames 
thelist wshes to inspect the 
eyeball he should make 
reasonably sure before he 
lifts the Ud that the patient is sufficiently aniesthetised to be quite 
unconscious 

If the eye appears to be able to focus (fig 18) unconsciousness has 
not been reached The eye soon loses this look of intelligence and it is 

often possible to tell solely 
by watching the eye the 
time at which consciousness 
IS lost Later the eyeball 
de\eJops a quick hon 
zontal moiement the 
rapidity and excursion of 
which dimmish with deepen 
mg anasthesia 

The characteristic eve 
movements of mtrous-OMcle 
anastbesia are all mam 
feslations of muscular spasm 
due to oxygen lack 

In a healtUv patient anssthcsia deep enough for minor operations 
IS attained before the eyes become fixed out of centre but if the adminis- 
trator wishes to makedoubly sure that the patient isadcquately aruesthe 
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tised, he should continue until this eccentnc fixation is reached (fig 19) 
The degree of anoxanua at this stage is not enough to cau«e marked 
spasm of the larger muscles of the body, and if anesthesia is mamtamed 
at this le\el any small operation not requmng muscular relaxation 
(e g dental extraction) may now be performed If the muscles of the 
eje are all in spasm, the action of the strongest Mill predommate 
That the eye is generally pulled downwards has been attnbuted, 
perhaps unconvmcmgly, to 
the fact that the mfenor 
rectus muscle is more 
strongly developed than the 
others because it is the 
muscle m most frequent 
use, pulling the eye down- 
wards, as m reading 

In deep nitrous-ojade 
anaesthesia not only are the 
eyes fixed eccentncally, but 
m addition the pupils are 
widely dilated The size of 
the pupil IS useless as a 
guide because it is often dilated throughout, in the early stages from 
fear and excitement, in the later from anoxia Extreme dilatation 
of the pupil does indeed denote senous anoxia but by the time it 
appears other warning signs are present 

Colour Changes 

Cyanosis, as a sign of anjesthesia, is unreliable (Chapter Its 
presence is no mdication of danger nor is its absence an assurance of 
safety In the average patient, however, when unpremedicated or 
only mildly premedicated, as is usual in the outpatient operating 
theatre or the dental surgery, the onset oS cyano^J* roughly coincides 
with the attamment of the correct depth of ansesthesia for operation 
This has led, perhaps instinctively, to the u*'e of colour change as 
a rough guide even by the experienced The ansesthetist, while 
relying primarily on the automatic character of the respirations 
nevertheless accepts the colour change as a confirmatory sign of 
unconsciousness It i&, however, the last sign on which reliance 
should be placed, and a reminder may be giv en here that m ®ev ere 
anjemia it cannot even occur 
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THE AN/EAHC PATIENT 

Analysis of the signs of deep mtrousroxide anesthesia m the nomial 
patient, e g the snatchy, jerky respirations the twitching muscles, 
the eccentnc eye, reveals that they are almost entirely due to muscular 
spasm resulting from oxygen-lack It cannot be emphasised too 
strongly that signs which depend on anoxial spasm of muscles may be 
entirely absent m anjemic subjects, as also in patients heavily pre- 
medicated, those convalescent from severe debiUtating illnesses, such 
as influenza, and in those with exophthalmic goitre The respirations 
of the ansmic patient are equally atypical As anaesthesia deepens 
they become shallower and shallower Respiratory effort diminishes 
progressively and the patient simply ‘ fades away, ‘ without becommg 
cyanosed or jactitating Depression of respiratory activity and 
absence of muscular spasm are sinking features of nitrous-oxide 
ansesthesia m this type of patient If the anesthetist waits for the 
onset of irregular, jerky respiration, for the eyeballs to be pulled 
eccentrically, for jactitation or for cyanosis as signs of anxsthesia, he 
will soon be confronted v\uh a patient tn extremis At this point, the 
pupils of the centrally fixed eyeball are widely dilated and an ashen 
grey colour further contributes to the patient s alarmmg appearance 
Unless artificial respiration is promptly applied, death quicUy ensues 
Soon after the commencement ol induction with nitrous oxide 
respiration becomes automatic Provided sufficient oxygen is now 
given satisfactory an*sthesia can be maintained without depression 
of respiration or asphyxial dilatation o! the pupil 

Pulse 

The pulse is of httle vahic as a guide to NjO anesthesia Early, 
It may be quickened from excitement or fear, while in asphyxia it 
becomes slow, full, and bounding The significance of both may be 
erroneoU''ly interpreted the former as heart disease, the latter as a 
reassuring sign Bj the lime the asphyxial pulse is noticeable, other 
conspicuous signs indicate that oi^cn lack a excessive The on^et 
of any cardiac inregulanty at this stage is an urgent indication for the 
admmistration of oxygen 
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CHAPTER VIII 

INDICATIONS FOR LOCAL OR GENERAL 
ANAESTHESIA IN DENTISTRY 

In deciding upon the type of anjesthesia to employ for a dental 
operation, it is \\ell to remember that general anesthesia is nou so safe 
that it can reasonably be assumed that a patient who is fit for a local 
anesthetic is also fit for a general The solitary exception to this 
generalisation is the patient sufienng from cedema of the glottis 
(P 267) 

The responsibility for deadmg between local and general amesthesia 
IS often borne by the dentist Conditions in private practice are such 
that this choice is not the clear cut problem which it is at hospital, 
where the question of the an»sthetist’s skill is not a deciding factor. 
In cases where the choice lies between local anesthesia and a general 
anesthetic given by a family doctor who is far from skilled m this 
speciality, local anesthesia may well be selected when, ideally, general 
anesthesia would be preferable Dius, subject to there being no 
preponderant contra mdication to either local or general anesthesia, 
the dentist wall find that the technical skull of the anesthetist available 
inevitably plays a large part in determinuig bis choice. 

Assummg that the choice lies between local anesthesia and skilled 
general anesthesia, the foUowng considerations will help the dentist 
in making his decision 

Considerable weight should be attached to any decided preference 
for either local or general anesthesia which the patient may express, 
since any physical disability to which he is subject is often of far less 
importance than his mental attitude towards anesthesia Far too 
irequentJy a fafjenf persaaded agamsi his- wall to suhnuf to a t^e 
of anesthesia which he dreads One patient may be apprehensive of 
general anesthesia because he dreads the idea of losmg consciousness, 
while another may wish for general anesthesia so that he will " kmoiv 
nothing about it ” Usually men prefer local, women general 
anesthesia 

No more definite reason than |>erH>nal inclination often determines 
a dentist to choose one particular form of anesthetic A dentist may 
prefer to extract on a patient sitting upnght, and on this account 
recommend local anesthesia for a major dental operation, so that he 
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can \sork m the position in which he feels most at ease This prefer- 
ence should not be allowed to weigh too heatnly, since a dentist can 
soon accustom himself to operating on recumbent patients In any 
case, It IS easy and safe to administer a general anesthetic even for a 
prolonged operation on a patient who is sitting up For this purpose 
an armchair may be used, or a dental chair can be taken to a private 
house or nursing home Similarly, for a prolonged difficult extraction 
some dentists prefer local anesthesia, because they like to have the 
active co-operation of the patient, but in these days such co-operation 
can well be dispensed with by using a modem head-rest, and tongue 
and other tissue retractors 

INDICATIONS FOR GENERAL ANAESTHESIA IN 
DENTISTRY 

1. The presence in the mouth of a general infection or of a 
local infective process. — A local anasthetic must not be used here 
because of the danger of its carrying infection from the diseased region 
into healthy gum or bone Apart from this imperative contra- 
indication, It must be remembered that any local anssthetjc inter- 
feres, to a greater or lesser extent, with the circulation m the region 
aflected, and by thus lowering tissue resistance favours bacterial 
invasion 

2 . Multiple extractions from the various quadrants of the mouth. 

3. Operations on young children, who, on the whole, are 
unco-operative 

4. Fractures of the jaw . 

5. If the patient particularly requests general anmsthesla. 

6. Where considerable force must be applied. — Under local 
anesthesia, a nen ous patient often finds it difficult to discriminate 
between force and pain If it is anticipated that a considerable 
amount of force will hav e to be exerted, a nervous patient should be 
advised to have his tooth extracted under general anaesthesia 

7. For long operations. — General anesthesia is usually pre- 
ferred for such operations as the remov’al of an impacted wisdom tooth, 
alveolectomy, and excision of a (^st, for if a local anjesthetic is used 
not only is the patient likely to become fatigued but the effect of the 
anasthetic is liable to w ear off before the operation has been completed. 

8. Cases where post-operative pain is specially to be 
avoided and quick healing is particularly desirable It is generally 
con«.idered that ischiemia following local anasthesia predisposes to 
after-pam and to slow healing of the sockets In fact, wounds often 
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heal more quickly after local anaesthesia than after inefficient general 
anaesthesia, because during the former there is more time for extractions 
to be performed deliberately and with less laceration of the mucous 
membrane and less damage to the alveolus 

9. Removal of infected teeth for systemic disease. — There 
is a chnical impression that local anaesthesia is follo\%ed by a graver 
exacerbation of the patient’s s3nnptoms than if the teeth are extracted 
under general anassthesia 

10. If the dentist considers that the patient’s temperament 
makes general anaesthesia advisable. — It is unwise to recommend 
local ansestbesia for the super-cntical patient who i> only too keen 
to find grounds for complaint If under local anesthesia the tooth 
should break, the patient cannot fail to appreciate that it has to be 
removed in fragments If the extraction takes a long tune to complete, 
the patient may consider this to be evidence of the dentist’s mefficiency. 
For such a patient general anesthesia is preferable 

1 1. If the dentist particularly wishes to work with a general 
anaesthetic. 

INDICATIONS FOR LOCAL ANAESTHESIA 

1. If there Is any doubt about the anaesthetist's skill. — It 
has been pointed out that the dentist who cannot rely on skilled 
general anssthesia may, m self-defence, choose local 'The patient 
seldom attnbutes an incomplete extraction to madequate anesthesia. 
If the dentist cannot rely on good general anaesthesia he is justified 
m advising local, particularly where extractions have to be made with 
deliberation — e g when the teeth are exostosed or where the apex 
of a tooth has to he preserved uncontaminated for bactenological 
culture 

2. If the patient particularly requests local ancesthesia. 

3. Extractions during certain acute illnesses — eg bronchitis. 

4. Where extractions have to be made on a patient who 
has recently had a meal. 

5. Occasionally in patients with phthisis. — ^This disease is not 
a contra indication to administration of NjO for simple extractions, 
but the nsk of initiating a violent bout of coughing by the passage of 
an endotracheal tube often makes it preferable to use a local ancesthetic 
for Such major dental operations as would normally be done under 
general ancesthesia W’hen a phthisical patient has particularly 
requested general anaesthesia for dental operations, we have produced 
unconsciousness first with avertin and then, after abolishmg the cough 
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reflex by cocainising the larynx and trachea, i\e have passed an 
endotracheal tube and continued the an 2 esthesia v.Tth MjO 

6. As an excuse, rshen the dentist is requested to perform 
a difficult operation under geneml anaesthesia in the patient’s 
home, where conditiona for surgery are far from perfect Every 
expenenced practitioner is familiar wth the patient who has a rooted 
preiudice against mstitutional treatment and argues that the expense 
IS unnecessary and that the short period of convalescence could be 
spent at home — a plea frequently advanced by the woman who con- 
siders herself tndispen'^able to the household These excuses are made 
the more strongly because of a mistaken idea that any operative 
procedure on the teeth, no matter how extensive, is " simple ” The 
patient refuses to enter a nursing home and asks for the operation 
to be done at home The suggested ' operatmg table ” is often the 
kitchen table or even a sagging bed Operating on the patient m an 
armchair or in a dental chair takeq to the house solves some of the 
problems, but handicaps stiU remain The lighting is nearly always 
poor, but the most senous disadvantage of all is that it is almost 
impossible to ensure asepsis After treatment in the patient s home 
IS, moreov er, frequently much handicapped In such cases the dentist 
IS justified in urging local ansesthesia in his own surgery, where asepsis 
will be perfect, the operators own instruments are at hand, and the 
lighting IS good Even after formidable dental operations under 
local anasthesia. the patients are often fit to visit the dentist's surgery 
for after-treatment This indication for local ansesthesia does not 
exist where an enlightened patient agrees to enter a hospital or a good 
nursing home for his operation 

7. If the dentist himself has a special preference for working 
with local anaisthesia. — Some dentists prefer local anassthesia 
because the adrenaline added to the injected solution assists in checking 
hJEmorrhage Local amesthesia need not be chosen on this score 
alone, since for prolonged operations a local amesthetic solution con- 
taining adrenaline can be injected immediately after general anies- 
thesia has been induced 

8. Financial considerations. — ^\Vith an indigent patient on 
whom a prolonged operation is contemplated, it is de^^irable to take 
into consideration also the fact that local anesthesia is more economical, 
since It saves the anaisthetist's fee 
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CHAPTER IX 

CHOICE OF GENERAL ANESTHETIC 

After the deasion has been made to employ general ansesthesia, the 
means by which this is to be attained must be selected The extent 
and nature of the operation, the anxsthetic agent and technique 
available, and the patient's temperamental and physical make-up must 
all be considered 

Safety is of greatest importance, and is always m the imnd of the 
patient, the anesthetist, and the surgeon Too much attention is 
often paid to the supposed safety or danger of a particular narcotic 
drug as mdicated by the available statistics An anasthetic is made 
safe or dangeroits the one uho adimntsters tt If the anssthetist 
IS ready to deal with any untoward occurrences is not \enturesome 
beyond his experience, and does not trust to luck, the nsks to which 
his patient is exposed will be negligible Aioidance of anssthetic 
accidents undoubtedly depends far more on the experience care, and 
skill of the anaesthetist than on the choice of any particular anssthetic 
agent 

Statistics can be entirely misleading as a guide to the relati\ e safety 
of the vanous anzesthetics Figures may be produced to show that 
one death has occurred in, say, 50000 administrations of nitrous 
oxide, 20,000 of ether, and 10,000 of ethyl chlonde Such figures are 
valueless because they do not take into consideration such important 
factors as the skill and expenence of the anesthetist, the state of health 
of the patient, the nature of the operation, its duration and se\enty, 
and they do not show how many times an operation had to be aban- 
doned on account of difficulties m connection with the mamtenance of 
anesthesia This last factor is significant, particularly in dental work 
where every dentist is familiar ^nth the case m which it has been 
impossible to complete extractions because the length of anesthesia, 
or the facilities afforded by mtrous oxide, were madequate Such a 
case would be classified for statistical purposes as a successful anes- 
thetic (i e not fatal), although it failed completely to enable the opera- 
tion for which it was gi\en to be performed , 

Takmg surgery as a whole, it is found that the mortality rate of an 
operation is closely connected with its seventy To argue from statis- 
tics that mtrous oxide is a safer anesthetic than ether is unjustified 
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Such figures are obtained only because nitrous oxide is rarely choben 
for se\ere operations It is, m fact, used almost exclusively for short 
and tnvaal operations and then often on robust patients in whom a 
fatal issue is extremely improbable Ether on the other hand, is 
more frequentlj chosen for major operations, the outcome of which 
maj. cause the aniesthetist grave anxiety The difference between 
the «afet> of a weak amesthetic, such as nitrous oxide, and of a more 
potent one such as cyclopropane or ether, must therefore be considered 
m relation to the conditions it is asked to provide It is WTong to state 
categoncally that nitrous oxide will be a safer anaesthetic than ether 
without knowing what operation is to be performed 

For minor operations, such as tooth extraction, nitrous oxide, 
although much more conv enient, is m fact no safer than ether, although 
the incidence of post-operative compbcations, particularly vomiting, 
IS greater after the latter For major oj>erations ether is safer than 
mtrous oxide Very many major operations cannot be performed 
under such a weak anasthetic as nitrous oxide, because satisfactory 
operating conditions cannot be produced unless this anssthetic i$ 
" pushed ’ and the patient depnved of oxygen to such an extent 
that, ui the hands of the average an^thetist, the number of fatalities 
would be greater than if a more potent anxsthetic such as ether 
were used 

In abdominal surgery, for example, the provision of muscular 
relaxation is necessary, for without it the surgeon is greatly handi* 
capped at his work '\n anaesthetic can be considered safe only if it 
produces muscular relaxation before the cardiac output and minute- 
volume respiration are appreciably depressed Since ether possesses 
this attribute, it ib justifiably popular in abdominal surgery Cyclo- 
propane is not so reliable Only a slight increase in concentratmn of 
this drug abov e that necessary to produce muscular relaxation may 
be followed by re-piratory arrest or cardiac irregularities Similarly 
pentothal or evipan can be used for abdominal surgery, but a small 
increase in the amount of drug necessary to produce relaxation may 
cause profound respiratory depression Spmal anesthesia provides 
extreme muscular relaxation, but may not be desirable, cither because 
of the fall m blood pressure which it causes or because it is unsuited to 
the patient’s temperament 

The patient ^ general health must be taken into consideration If 
he siiffere from phthisia or bronchitis although ether may be the safest 
amcsthetic for the period ol the ojxiration itself, many consider that 
Its shghtly imtant effects on the lunga are enough to aggravate the 
existing chest condition They argue that the possibly greater risk 
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of cjcJopropane anas^thesia at the time of operation is justified by the 
diminished chances of post operative complications and m fact, ^\e 
ourselv es use cyclopropane under these conditions It is, ho\ve\ er, our 
opinion that the dangers of ether m such cases ha\e been much 
exaggerated and w e beheve that provided the patient has been properly 
premedicated and that an uninterruptedly free aimay is mamtained, 
then ether is no more likely to initiate a pulmonary compbcation 
or to aggravate an existing chest condition than is any other 
anesthetic 

It stiU surpusirgly common for the surgeon to ask a physician 
for his opinion on uhat would be a suitable choice of anesthetic for 
a poor n-k ” patient It is extraordmary that a surgeon, who realises 
how much the safety of his patients depends on the expenence and skiU 
of the anesthetist, should feel that the opinion of a physician, who may 
never enter an operating theatre, wtU be helpful m selectmg an anes 
thetic This is not to say that consultation on anj of these matters is 
not advisable, providuig the anesthetist is present with the physician 
and surgeon when the question of choice of anesthetic is to be con- 
sidered, but all too frequently the surgeon calls m the physician only 
The physician by consulting A\ith anesthetists on doubtful cases, will 
gradual!} learn somethmg of the problem# of anasstbesia and when he 
does this, his opmion as to a suitable anesthetic will be of x alue It is 
at present extremely rare for a physician s opinion in such matters to 
be at all helpful Anesthetists recognise the tnith of this statement, 
but for economic reasons this view is rarely pubhcly expressed If the 
surgeon i# not satisfied to leave the whole question of the aniesthetic 
to the anesthetist, and if he feels that he wants a second opinion, he 
should call in a second ancssthehst «o that he may ha\e the benefit of 
the advice of someone who appreciates the problems mvolv ed The 
best way to acquire an understanding of patients’ reactions, physical 
and mental to anssthesia, is to administer ansesthetics as often as 
possible, and it is significant that when an anaesthetist i# faced with a 
difficult problem in anaesthesia he rarely, if e\er, even considers con- 
sulting a physician, but obt ams the advice of anxsthetiits of expenence 
who have dealt with similar ca#es in practice 

It IS also not at all unusual for patients who are anxious about 
themselves or those who are physically unfit and who have been 
under the care of a consulting physician or of the family doctor for 
some time, to enquire of their ad\’isets whether general anaesthesia 
at some future date would be hkely to be detrimental A physician 
should be extremely' guarded m his remarks on this subject If he 
should give the impression that general anaesthesia is likely to be fatal 
6 
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or if he should suggest that certaia anesthetics uould be dangerous, 
his patient may consider that this is a proud distinction, for it is 
undoubtedly true that some patients derive a certain macabre pleasure 
from a feehng that they are thus distinguished from their fellows 
More usually, however, the patient is temfied of ever havmg to 
submit himself to general aniesthesia The following four cases in 
our own experience are instances of the unhelpfulness of the advice 
of the physician on anxsthesia , the first three cases occurred m pnv ate, 
the fourth m hospital, practice 

Case 1 — This woman, aged 60, produced a certificate signed 
by a cardiologist stating that she must m no circumstances be 
given a general anssthetic This was the only information the 
certificate gave It had been signed twelve years previously and 
had been a source of considerable anxiety to her through all these 
years She suffered from an ovarian cyst, which had so increased 
m «ize that operation had become imperative Despite the fact 
that the greatly distended abdomen hindered her respiration when 
she was lying down she took a general anjesthetic well and made 
an uninterrupted recov cry 

Case 2 — A young woman presented a certificate from a 
physician to sav that on account of ' heart disease " she was not 
to be given m any circumstances, a general anesthetic On 
auscultation, apresystolicmurmurw’asaudible butsinceshecarned 
out a usual day s routine quite normally, \he anzestheti&t had no 
compunction in giving her gas and oxygen for extraction of a 
tooth involved in an alveolar abscess for which it was considered 
undesirable to give a local anaesthetic She also, caused no 
anxiety whatever 

Case 3 — Soon after the introduction of evipan we were 
requested by a distinguished physician not to give this drug to a 
patient whom we were to amesthetise on the following day 
When pressed for any reason why evipan should not be given his 
only answer was that be had heard that " there had been a death 
in Peckham ' the week before from this drug! Our previous 
experience with earlier barbiturates (pemocton and nembutal), 
added to our experience with evipan m about a hundred cases, 
persuaded us that it was particuUitly suitable for this nervous, 
resistant young man as a means of induction before continuing 
watfi endotracheal anresthesia for removal of an impacted wisdom 
tooth Evnpan was used for induction and the subsequent 
amisthesia was uneventful 

Case 4 — For this hospital patient suffering from rheumatic 
carditis the physician whose advice was asked as to what 
anesthetic should be given 'wrote *' Fit for gas" on the case-slieet. 
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There was no reason why the patient should not ha\e a more 
potent anjesthetic and in fact nitrous oxide would have been 
unsuitable since anoxia in such a case should be avoided, so that 
the anesthetist used his own discretion and gave ether 

A point which must not be forgotten is that the mental attitude 
towards anresthesia of a patient who carries a certificate forbidding 
general anesthesia is not improxed by the constant awareness of all 
that the certificate imphes Circumstances may anse in which 
anajsthesia is imperative, and the psychological problems m^ oh ed in 
anaesthesia are difficult enough without the addition of such unneces- 
sary mental burdens 

The physiaan acts, as he thinks, for his patient’s good, but the 
unwitting arrogance of his dogmatism betrays his ignorance of impor- 
tant fundamentals of anaesthesia The result is that an ansesthetist 
has frequently been virtually forced to agree to the patient bemg 
depnved of the advantages of basal anaesthesia, solely to comply wnth 
the unwarranted advice of a consulting physician 

Often the physician’s choice of anaesthetic is one with which the 
anaesthetist does not agree, and then the latter must either denj his 
patient the advantages of what his experience leads him to know is 
the correct anaesthetic, or he must be prepared to face the economic 
repercussions which may result if he mcurs displeasure through not 
following the advice of the physician whose opinion as an alleged 
expert has been sought In practice the anaesthetist often does not 
spend tune m disputing the choice advised but just as often deviates 
from It m what he actually admmisters For instance, advice as 
unsubstantial as the ” fit for gas ’ mentioned in Case 4 is all too often 
written dogmaticadly upon the case-’=heet of an ill patient The 
physician gi\Tng such an opuuon has usually only a scanty knowledge 
of and experience in anaesthesia, and has no appreciation of the hiruta- 
tions of nitrous oxide He believes from what he has heard that nitrous 
oxide IS the safest anaesthetic, but we ha\e already shown on what 
slender evidence this opinion is based Indeed nitrous oxide may be 
advised when m fact it is actually contra mdicated, sometimes because 
of the type of patient, sometimes because of the nature of the operation 
to be performed. It is not surpnsmg that the anaesthetist should not 
then follow the phj'sician’s advice, but that he should quietly supple- 
ment the "gas" with cyclopropane or ether so that aniesthesia is 
attained mamly by the more potent agent A happy outcome is 
regarded by every one — except the auiaesthetist — as justification of the 
physiaan 's choice ! 
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n a phjsician objects to a particular anaesthetic he should be 
prepared to take full responsibility for anything untoward which may 
result from the course taken m deference to his objection If he is 
not wUhng to take this responsibihty he should leave the choice to 
the anajsthetist 

Choice of General Anaesthetic in the Dental Surgery 
Before considenng the above question it is well to emphasise that 
the dental surgery js not the place of choice for administration of 
general anesthetics for long operations Quick recovery and lack of 
after effects rarely fail to satisfy the patient and these benefits follow 
aniEbthesia of short duration A long operation m the dental surgery, 
even if the operative result is highly successful inevitably causes 
some degree of collapse and often a disappomted and dissatisfied 
patient This is particularly so if the patient has previously had a 
quick recovery to normal loUowjng an easy extraction He naturally 
assumes that the dentist and anaesthetist on the second occasion are 
unskilful and in the interests of all, work which is expected to take 
a long time should not be embarked upon m the dental surgery 

\ good general rule is not to anjesthetise in the dental surgery 
any case which the dentist estimates will take longer than ten mmutes’ 
operating time Sometimes, however an extraction which was 
expected to take only a few minutes lasts much longer The situation 
here is quite different and in such cases it may be kindness, or good 
policy, if the anesthetist is sufficiently skilful, to continue the nasal 
administration of nitrous oxide until the extraction is completed 
There are alternatives, neither completely satisfactory The first 
IS to abandon the operation, m which case the patient must again 
submit to the procedure , the second is to continue the operation know - 
mg that the patient will probably suffer unpleasant after effects which 
he would not anticipate \Vhich course should be adopted is dictated, 
to some extent, by the tj^ie of patient If he is likely to blame the 
dentist for an incomplete extraction under the impression that it 
indicates inefficiency, it might be entirely justifiable to proceed with 
the operation in the expectation of its successful completion In such 
a case, however, the anaisthetist must not expect from the patient the 
appreciation to which his skilled assistance has entitled him, the 
patient viill be acutely aware of his post-operative depression and will 
pTobabl> blame the anesthetist for this part of his expenence 

One of the causes of post-operative depression is moving a patient 
from the dental surgery soon after consciousness is regained A long 
operation of the tjpe indicated, il earned out in hospital or a nursing 
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home, IS attended mth much happier after effects and recollections 
In these circumstances ideal induction by basal amesthe^ia can be 
obtamed, and after the operation is over, the patient need not be 
roused The patient’s gratitude to the amesthetist may be earned 
more easily under such conditions than in the dental surgery, though 
the amount of skill exercised may be far less 

Each of the vanous agents used m producing general anesthesia 
m the dental surgery has its oivn merits and bmitations, and these nvtII 
now be considered briefly In a nursing home or hospital, appropnate 
basal anesthesia can be used to modify the patient’s reaction to 
anesthesia In the dental surgery patients can be premedicated only 
very hghtly and the anesthetist s mam problem is that he is expected 
to provide a pleasant mduction, tranquil anesthesia, and a quick 
recovery with freedom from after-effects for all his patients, despite 
their individual reactions to anesthesia 

Nitrous oxide. — This is the only anassthetic which has a reasonable 
chanceofsatisfyingalltheaboverequircments It isemphasised through- 
out this book that the anassthetic properties of NjO are feeble, but it 
owes many of its desirable qualities to this very fact, and it is justifiably 
the most popular ansesthetic at present available for extractions from 
the average patient In fact, the number of admmistrations of this 
gas IS far greater than of those of all other anesthetics used in dentistry, 
put together Unconsciousness can be easily and pleasantly produced 
with NjO, recovery is prompt, and the after-effects are usually minimal 
— factors gratifying to both the patient and the busy dentist — but it 
IS m the production and mamtenance of adequate anesthesia that the 
limitations of NjO are appreciated It is not, on its own, able to 
supply tranquil anesthesia in the highly resistant patient An 
anaesthetic emergency which was due solely to the incorrect choice of 
NjO for an anasthetic resistant patient for dental extractions is 
described on p 277 

Nitrous oxide is the only non explosive inhalation anasthetic in 
common use A dental surgery so oiten contams a naked flame that 
the use of several other anaesthetic gases, which but for their explosive- 
ness would be of great value, is precluded For example, though the 
potency of ethylene is not extreme, it is enough to produce tranquil 
anaesthesia adequate for minor surgery and dental work, even when 
muxed with 15-20 per cent of oxygen Ethylene is, hovsever, highly 
explosiv e, and many deaths from explosions have been recorded 

Although induction with mtrous oxide should be pleasant, certain 
patients, particularly tho^e who have had a previous disagreeable 
anaesthetic expenence, dislike the induction of unconsciousness by 
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any inhalation anaesthetic For these the advantages offered by the 
ultra short acting barbiturates must be considered 

Ether — Tliia is conceded to be a safe anassthetic which affords 
excellent operating conditions There are however many objections 
to Its use in the dental surgery Induction of anesthesia with it is a 
much longer and generally more unpleasant experience than js mduc 
tion by nitroub oxide Recovery ts slower and is often followed by 
nausea and vomiting The use of ether in small doses to supplement 
nitrous oxide for short operations in difficult patients and its use m 
general surgery are considered on pp 117 and 167 

The ultra short acting barbiturates (e g pentothal evipan) 
for intravenous administration — The mam advantage of these 
drags is that induction with them is pleasant and rapid Their use is 
indicated in patients w ho fear aniesthesia or who are known previously 
to hav c been troublesome during mduction and for ansesthetic resistant 
patients as a basal supplement to nitrous oxjde anxsthesia There 
are no contra indications to their use in small doses (e g 0 2-0 5 gm of 
pentothal) m the above types of case There are however dis 
advantages m employmg barbiturate anxsthesia alone for long dental 
operations These are that in giving the larger doses which are then 
necessary technical difficulties anse in connection with the continuous 
intravenous administration of the drugs and although recovery from 
a small dose may be almost complete in a few mmutes a fairly large 
do<ie may incapacitate the patient for hours 

Tor an operation lastmg a few mmutes both a pleasant mduction 
to anxsthesia and a quick, recovery can be obtained by producing 
unconsciousness with a minimal amount of pentothal and then con 
tinuing with nitrous oxide admuiibtered nasally 

Although pentothal is often ideal for the difficult (i e anxsthetic 
resistant) patient from whom extractions are expected to be easy 
this drug does not help at all m solving the problem of anxsthesia for 
a difficult extraction in an easy or nonnal patient In fact pentothal 
here should usually be avoided for if it is used as the sole anxsthetic 
for an extraction vihich lasts several minutes complete recovery from 
its effects may not take place for some hours Some dentists errone 
ouslj regard pentothal as a panacea for difficulties encountered in 
troublesome extractions and ask for it for this type of viork m the 
normal patient whereas in fact its use is indicated for the resistant 
patient to be anjesthetised for easy extractions 

Ethyl chloride — Tlus drug may be U'sed alone or to supplement 
nitrous oxide when the latter proves madequate as the sole anxsthetic 
Although seldom nece=siry m the average patient over 8 or 9 years 
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of age, it IS of great value m such apparently divergent types as 
the very young child and the aniesthetic-resistant adult For the 
former ethyl chloride alone is commonly given (p 151) , whilst for 
the alcoholic patient it is more commonly used to supplement nitrous 
oxide (p 160) The chief disadvantage of ethyl chlonde is the fre- 
quency of nausea and vomiting dunng the recovery period 

Vinestbene (di-vinyl ether). — The indications for the use of this 
drug are very similar to those for ethyl chlonde It has the advantage 
over the latter that m the period of recovery, nausea, vomiting, and 
collapse are rare 

Since these vanous drugs of knowm and proved value are av ailable, 
it IS usually easy to choose appropnate ana^thesia for a particular case 
The matter la not, however, uniformly simple, and all the difficulties 
are not colv ed once the anesthetic agent has been selected 

The experience of the administrator must be taken into considera- 
tion , and while the general practitioner cannot be expected to master 
the many ansesthetic techniques used in general surgery, the choice m 
dentistry is more restricted and he can with practice become reasonably 
proficient m them all The range of utility of any anesthetic is 
extended by expenence m its use For example, although with nitrous 
oxide the student wall at first be successful only m straightforward 
cases, famihanty will soon enable him to employ this anesthetic 
successfully for cases presenting greater difficulties Even a skilful 
anaesthetist is prepared to use supplementary anaesthesia for particu- 
larly difficult cases, and the inexpenenced will be wise to resort to this 
expedient rather than to try to force the maximum of usefulness out 
of nitrous oxide a^one 



CHAPTER \ 

PRE-ANESTHETIC MEDICATION 

Bernard Siuu s gibe that anesthesia «pares us nothing but the knife' 
IS fortunately not as true now as when it was wTitten Many 
modem improvements in surgical results are due to advances in the 
practice of an«estliesia Nor is it only the relative immunity from 
grave issues which commands attention The development of anjes 
thetic technique has not only diminished the hazard of operation but 
It has reduced to a minimum the terror and discomfort of the patient 
Not many years ago the patient s preparation for an operation con 
sisted mainly in the administration of a vigorous purge After a 
disturbed night he walked in a more or Iws apprehensive state of 
mind to the operating theatre which even in liappier circumstances 
IS a temfying sight to most laymen After he had climbed on to the 
operating table he had the unpleasant expenence of having a mask 
applied to his face and then inhaling a strange and often distasteful 
vapour It is not surprising that such physical and mental chastening 
was often followed m major surgery by post operative shock which 
might well turn the scale against the patient and even after a minor 
operation often left a deep mental impression the gravity of which it 
was difhcult to evaluate In contrast to all this the patient is nowa 
days assured of a good night s sleep before operation and he can be 
given a basal anajsthetic while still in bed before he is taken to the scene 
of the operation From the drowsiness winch supervenes he wakes up 
m lus own bed to find with surpnse and pleasure that the operation 
IS a thuig of the past and this early peacefulness of mind contnbutes 
materially to «peedy and uninterrupted conv aJescence Such modem 
improvements notwithstanding anaesthesia is still dreaded because it 
IS commonly experienced m association with pain acute illness, 
sleeplessness financial womes and enforced absence from work 

It la helpful to consider anxsthesia as the summation of the effects 
ol the premedication and o5 the anaesthetic projier Tne student 
who desires to master the technique of amesthesia should not 
overlook the important part played by premedication m achievung 
good results 

Gucdel * has rendered a great service to anaesthetists by explaining 
the well known fact that «:ome patients are more resistant to an®s 
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thetics than others Different patients and even the same patient at 
different times show different d^ees of alertness, as also do normal 
healthy people In other words, there are different leveh, of con 
sciousness Guedel points out that an5rthmg which mcreases the basal 
metabolic rate of the patient (expressed by his oxygen consumption) 
increases bis reflex irritability and makes him more resistant to the 
effects of anaesthetics 



Fio 20 • — ^The curve oi the normal tnetaboUc rate at different ages expressed in 
caJones per hour per square metre o! body surface X.me K of this diagram eorres 
ponds to line A in fig 16 p €S 

The metabolic rate vanes with age Thus m a patient aged 20, 
induction begins at a point more remote from surgical anaesthesia 
than in one aged 40 and consequently the amount of anesthetic 
required to bnng about surgical anesthesia is greater in the younger 
patient Apart from variations m the starting-pomt of anesthesia 
due to age, anything which prevents the onset of normal sleep makes 
/or increased resistance to the onset of anesthesia Thus pam, fear, 
apprehension, and excitement increase reflex imtability, so that a 
given amount of ansesthetic fails to produce as much effect as it would 
in the absence of these factors 



Fig 

A patient of. say, 35, who is frightened of amesthesja and who has 
been m pam for some time, will start at X, a height much abo\e 
level A, and will be correspondingly diBicult to subdue 

• Compiled b> \\ ill Shimer from the tables of Du Bois and Benedict ; pub- 
lished 1921 Jourii Asner Mtd /{»n,83,173G 
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Premedication m a case such as this is of great value since it 
minimises the effects canned by the adNerse mental and physical 
conditions of the patient The effect of reassurance alone does much to 
alla> fear and this effect can be increased by sedative drugs such as the 
barbiturates or aspinn Pam can be relieved by morphia or aspmn 
The starting point of anasthesia can by these means be reduced even 
below the level A say to \* 

The use of premedication spares the patient much mental anxiety 
shortens the induction penod and makes it tranquil and diminishes 
the amount of ansesthetic required Moreover post-operative depression 
IS less because less subsequent anesthetic is needed and because the 
exhau-jtion which frequently follows the state of stimulation m the 
hyper alert patient is ehmmated 

It must not he overlooked that any condition which causes 
pain pyrexia or fear if continued to a degree whicli exhausts the 
sympathetic nervous system will result m shock a lowered metabohc 
rate and a commensurate depression of the starting point of aniesthesia 
This is well seen in the patient exhausted from exposure severe 
wounds or by infective disease of some months duration Pre 
medication with morphia or the barbiturates is here not necessary and 
IS even contraindicated if the supenmposition of further depression 
IS considered dangerous 

Psychological Premedlcation 

Reduction of alertness which may be regarded as the beginning of 
aniEsthesia can be accomplished in varying degree not only by drugs 
but by psjchological treatment Such treatment can often greatly 
reduce the increase in resistance to anaesthetics brought about by fear 
or pim The method employed depends upon the an'esthetist and 
may range from an unimaginative slap on the back, with a hearty 
\ ou II be all nght to the other extreme of hypnotisation The time 
available often makes it impossible to prepare the patient psycho 
logically as fully as is desirable but every opportunity to do so should 
be utilised 

\ patient before an operation is in an abnormal frame of muid 
It must be remembered that the operation is a cnsis m his life vastly 
more important to him than it i» to the an-esthetist or dentist for whom 
such an occasion is a matter of routme Expectation that tlie opera- 
tion w ill be painless does not necessarily remove a patient s dread , 
some fear the anesthetic more tlian the operation Tlie patient s 
attitude towards ames-thesia must not be judged by the expenence of 
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the student who has been rendered unconscious for a few minutes 
experimentally The latter naturally chooses a time when he is feelmg 
particularly well, the penod of anaesthesia is short he chooses his own 
anesthetic and carefully selects an anaesthetist m whom he has com- 
plete confidence He has none of the anxiety produced by the anticipa 
tion of an operation and, since no operation !■> performed post anes- 
thetic depression is reduced to a minimum 

It IS rare to find anyone apprehensive of a first anesthetic the 
need for sedation is often increased by a previous acquaintance, 
generally made m childhood with some unpleasant expenence of 
anaesthesia Since ancesthesia has improved so rapidly dunng the 
past few years, the fear of it will probably gradually be met with less 
and less frequency, but it muat not be forgotten that even under the 
best conditions an inhalation aniesthetic can rarely be descnbed as 
pleasant We may add that addiction to anesthetics is practically 
unknown ’ 

A patient’s fears are largely created by an active imagmation, and 
prolonged psychological treatment might be necessary to enable him 
to overcome them but since an operation has to be faced only once 
or twice in his lifetime, it is justifiable to take the course, less satisfac- 
tory in theory, of exploitmg the sedative and euphonc effects of drugs 

The Use of Sedative Drugs 

The do«e of premedicating drug a patient will require can often be 
roughl} gauged by his resistance to alcohol For example, the plethonc 
middle aged man who is accustomed to dnnk half a bottle of whisky 
a day will need a much larger dose of premedicatmg drug than wall the 
frail woman, as also will robust mdividuais heavj cigarette smokers, 
and, for an unknown reason, malarial subjects 

Pre ansesthetic medication ranges from the admmistration of 
5 gr of aspinn to the production of ba*^ anKsthesia The sedative 
drugs used for pre-ansesthetic medication exert a beneficial effect by 
counteracting the factors which increase reflex imtabihty Jlany of 
these drugs, if exploited to the full would provide amesthesia deep 
enough for minor surgery, but for one reason or another it is madvisable 
to use the large doses which would be necessary This is well illus- 
trated by morphia, the specific effect of which m therapeutic doses, 
eg I gr to an adult, is to relieve pam Although 1 gr of this admmis- 
tered to an average adult may produce anesthesia deep enough for 
a minor operation it is unsuitable for use as a sole anzesthetic, because 
doses sufficient to establish suigical anasthesia produce dangerous 
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respirator)' depression. A therapeutic dose of J gr has hardly any 
obvious effect upon respiration, but it is a quarter of the amount 
uhich might produce full anjesthesia , and any anaesthetic will be 
effectne in much lower dosage if morphia has been gi\en beforehand 
This potential anesthetic effect of morphia is often overlooked because 
the pre-anasthetic dose does not produce sleep 

This facilitation of anaesthesia can best be demonstrated when the 
premedicating drug is followed by an anaesthetic injected intravenously, 
the quantity of which can be measured accurately If, for example, 
pentothal 0 6 gm is necessary to anaesthetise for a mmor operation a 
nervous man in pain, 0 5 gm would pirobably suffice if his nervousness 
IS reduced by psychological treatment , and if such treatment is rein- 
forced by i gr morphia then pentothal 0 3 gm might well prove to 
be sufficient The practical importance of morphia in reducing the 
amount of anaesthetic subsequently necessary is best appreciated when 
a therapeutic dose of this drug is given before the administration of 
NjO Although the patient may not be made sleepy, not only 
is anaesthesia achieved and maintained with a lesser element of 
anoxasmia than is otherwise necessary, but the combination will pro- 
duce peaceful aniesthesia in cases where NjO alone would be quite 
inadequate 

Different sedatives have charactemlic and widely different actions 
Some € g the short acting barbiturates, act pnmanly by relieving 
fear and producing sleep . others, e g drugs of the opium group, 
relieve pam when given in doses which do not produce sleep These 
differences can be attributed to selective action on different parts of 
the brain For example, the cerebral cortex is specially sensitive to 
the short-acting barbiturates, eg nembutal, and the midbrain to 
alkaloids of the opium group, of which morphia js the most frequently 
used 

The short acting barbiturates diminish apprehension and fear, and 
m large doses produce drowsiness and unconsciousness long before 
they produce any notable change m the reflex response to pam They 
are quite unsuitable for the production of general amesthesia, since 
among other drawbacks elimination, even after therapeutic doses, is 
«low, and after the large doses which would be necessary to produce 
general anesthesia recovery of consciousness might be delayed for as 
long as forty-eight hours If premedication is achieved solely by 
means of these cortical depressant drugs, the patient benefits in that he 
Will be asleep before the inhalation anasthetic is given, but the amount 
of the latter necessary to ensure lack of response to painful stimuli is 
but little reduced During recovery', after the effects of the inhalation 
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anzesthetic it'^elf ha\e worn off, the Mowly excreted premedicant drag 
keeps the patient unconscious although painful stimuli may cause 
extreme restlessness, since pain is not obtunded If there is no pain 
he will sleep peacefully These two results are seen m the alternation 
between peaceful sleep and extrCTie restlessness when nembutal is 
used to produce amnesia of the pains of labour The restlessness which 
occurs durmg recovery from a pamful operation must be controlled by 
admmistration of morphia or a similar analgesic drug It is notew orthy 
that a patient exposed to pain ^ more restless when under the influence 
of a cortical depressant drug than when conscious Probably this is 
to be explamed by loss of control of the higher centres enhancing 
the responses to pam and other stimuli — a condition existmg m the 
decerebrate animal 

The basal anesthetics (e g avertin paraldehj de), the ultra short- 
acting barbiturates (e g pentothal evjpan), and the inhalation 
anassthetics all produce unconsciousness comparatively early and 
recov'ery from aniesthesia is not unduly prolonged although it is 
generally slow from the effects of drugs of the first tw o groups Drugs 
of the last tw o groups abolish response to painful stimuli in doses which 
do not cause marked respiratory depression but at the light level of 
unconsciousness which is all that should be aimed at with drugs of 
the first group, while respiration is not unduly depressed, response to 
pamful stimuli is not aboli<hed 

For the purposes of premedication operations can be divnded mto 
those on ambulatory patients and tho'^e on hospitalised patients The 
former are of necessity trivial 


PRE-ANiFSTHETIC MEDICATION FOR THE 
AMBULATORY PATIENT 

Most of the operations performed on ambulatorj patients are 
dental extractions under nitrous oxide In few branches of anjes- 
thesia can premedication be more useful, and m no branch is it more 
neglected The anaesthetist is asked to provide tranquil anseslhesia 
in a patient whom he may have met only a few mmutes before Since 
the patient is probably nerv ous and usually healthy, he will be to some 
degree anasthetic-resistant, but he will m any case expect a recovery 
rapid enough for him to go home soon after and even to continue with 
his usual day’s routine 

There may not be an opportunity of arranging for premedication 
wnth sedative drugs in every case, and the amrathetist should alwaja 
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make an effort to gam the patient s confidence both immediately before 
and during induction Cxcn such bnef psychological preparation 
makes it possible to achiei e peaceful amesthesia mth a smaller amount 
of aniEstlietic than would otherwise be necessary 

Ideally preparation for a dental extraction should begin with the 
admmistration of a sedative the night before the operation m order to 
prevent the irritability which follows loss of sleep Even if a sedative 
should be unnecessary it will do no harm and it may do a great deal 
of good A«pirm usually to hand in every household is suitable for 
this purpose For an average adult the do^e is 5 15 gr Alternatives 
are luminal 4 gr or potassium bromide ^ gr 

If the patient has to resume his normal occupation soon after 
recovery the choice of premedication to be given on the day of operation 
15 restricted It is neither necessary nor desirable to make him drowsy, 
but the dose of premedicant drug should be sufficient to obviate anxiety 
at the thought of the anasthelic Two half doses of the premedicatmg 
drug used the night before should be given on the day of the operation 
It is a good plan to give Iialf the full dose at breakfast and the remam 
mg half one hour before operation These proportions one full dose 
at night and two haU doses one at breakfast and the other one 
hour before the operation should always be observed Thus if an 
extraction is tuned for midday aspmn 15 gr should be taken on 
retinng the previous night 74 gr is taken at breakfast tune and 
again at 11 a m 

IVTicn nitrous oxide without adequate premedication is used for a 
nervous patient imtable and worn out by toothache it may be 
necessary to dimmish the oxygen percentage m the mhaled mixture 
to such a degree that asphyxial movements of the body make operating 
difficult post-operative collapse i> then probable One of the 
«ecrets of good nitrous-oxide anesthesia is correct premedication for 
by this means undue asphyxia with its complications and sequela? 
can be avoided It should be noted that for anesthesia by nitrous 
oxide premedication is not only a comfort to the pabent but of con 
siderablc practical assistance to the anaesthetist In fact it may defer 
mme the difference between a turbulent and a peaceful anasthcsia 
In contrast when anaesthetics more powerful than nitrous oxide are 
used sedatuepremedicationisgivcndhiefiy as a comfort to the patient 
In this case although the amount of an«esthetic sub'^equently needed 
is mdeed reduced the adequacy of the ultimate anassthesia not 
affected since the potency of the anssthetic drug is such that any desired 
depth of aniesthesia can be produced 

Nitrous oxide given nasally by a moderately experienced anaesthetist 
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to the average patient should a]loi\ the dentist to accomphsh any 
ordinary extractions For convaiience the methods by Mhich N^O 
anjesthe^ia can be facihtated are summarised 

1 The patient's reflex irritability and resistance should 
be dinumshed by — 

{a} Gaming his confidence Common fears and their treatment are 
dealt wth on p lOS 

(6) Ensurmg that he has a good *;leep on the night before opera 
tion 

(c) Reducing apprehension by premedicating drugs such as aspinn 
bromides or for alcoholics even 65 alcohol 

2 The anmsthetic effect of the gas can be reinforced b> — 

(d) Di minis hing the oxygen intake 

(fc) The prelimmary use of a small dose of pentothal given intra 
venously 

(c) Adding a more powerful agent such as ethyl chloride 

S^enever possible the dentist and aniesthetist should see that the 
measures enumerated under heading 1 are carried out in eierj case 
while those under 2 are resorted to only when necessary 


PRE-ANi«STHETIG MEDICATION FOR THE 
HOSPITALISED PATIENT 

The desirabihty of giving «ome sort of pre-anzesthetic sedatii e drug 
before any operation cannot be disputed but the choice of drug and 
the dose m which it shall be admmistered is governed by such con 
siderations as the de&irability of long or short post-operatii e uncon 
sciousness the nursing facilities available the length of time a patient 
IS to be hospitahsed and the accompanying financial imphcations 
Morphia — In the premedication of hospitahsed patients morphia 
IS more extensively used than any other sedative drug Certam 
aspects c! its sctaxi vere dealt with earher m this chapter The 
standard dose for premedication is gr per stone of body u eight 
ivith a maximum of J gr For this purpose larger do^es ‘'hould rarely 
be given because they are accompamed by a depressant action on the 
respiratory centre Although its anodjme effect is noticeable 10-15 
minutes after hypodermic injection maximum depression of re'^pira 
tion and of metabolism is not seen for a further hour If morphia 
IS gi%en intra\enously respiratory depression is maximal after about 
10-15 minutes When u^ed for premedication morphia should be 
given sufficient!} early for this maximum re«piratory depression to 
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be manifest before the anjesthetic u. begun If this precaution is not 
taken absorption of morphia will continue after anssthesia has been 
achieved and dangerous depression of the respiratory centre may 
result 

If by mistake morphia is given m the standard premedicant dose 
before drugs such as avertm or cj clopropane « hich also hav e a marked 
respirator> depres-^ant effect the course of the anesthesia may be 
fraught with difficultj and danger If respiratory depression becomes 
pronounced the patient avtU need undivided attention until it has worn 
off 

\lthough subsequent anaesthesia is eventual]) achieved watli less 
anastlietic than if morphia were not given full doses of this drug in the 
rare cases where ether is used for induction as well as for maintenance 
of anesthesia have the paradoxical eflect of making the attainment of 
deep ansEsthesia difhcuU Before the beginning of mduction the 
respu-atory depressant effect of the morphia may not be obvious but 
it becomes so immediately ether is used The sensitivity of the 
respiratory tract is scarcely diminished by morphia so that the 
imtant effect of ether on the larj-nx raises the threshold of the respira 
tory centre to CO, (p 4S) above the level to which it has already 
been raised by the morphia Shallow and slow breathing results and 
if the anxsthetist attempts to shorten the mduction penod by increas 
mg the concentration of ether vapour frank laryngeal spasm raises 
the threshold of the centre still further During this penod the blood 
ether will be absorbed by the body tissues and ansesthesia may even 
become lighter rather than deeper 

Thespecial use of morphia as a premedicatmgdrug for NjOanasthesia 
Is well recognised and it isaboof value before local anaesthesia because 
It reduces appreciation of any discomfort attendant on the operation 
but It 13 'leldom u^ed for the ambulatory patient m the dental surgery 
It could and possibly should be u«ed. much more for these cases than 
It IS at present One marked disadvantage is that a patient under the 
influence of morphia should not be allowed to travel unacr jrnpanied 
any more than he would be if mildly intoxicated by any other drug 
Furlher liability to nausea renders a morphmiscd patient unfit to 
undertake his normal work for a few hours after mjection 

from pam (p 2o6) 

Hyoscine (scopolamine) — ^This drug is frequently used in 
hospilabscd patients because of the combination of its depressant 
action on the central nervous system and its effects in reducing mucus 
secretion Ue have not used it for cluldrcn and avoid giving it to 
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the elderly because it may produce delinum and restlessness, frequently 
shown by " picking at the bedclothes " Between these age groups 
hyoscine will be found advantageous In doses of gr it is sedative 
but not soporific It is not suitable however, for the ambulatory 
patient, for in many ways the patient under hyoscme behaves kke 
one shghtly concussed and not fully responsible His actions are 
automatic and there is loss of memory forevents following the injection 
It IS for this reason that it is so useful in childbirth Dunng the 
“ twilight sleep ’ of hyoscine the patient complains and appears to 
feel the pains of labour, but remembers little or nothmg aftenvards 
Similarly, when it is given as a premedicant drug before an opera- 
tion although the patient may talk rationally and object to the 
inhalation anaesthetic, if one is given he seldom remembers the 
induction 

For hospitalised patients morphia may be conveniently combmed 
NVith hyo«cme in the proportion of 25 1 (e g morphia ^ gr , hyoscine 
xitr )• H tiours before operation By the time the patient 
reaches the operating theatre the sedative effect ^vlll be maximal 
The summation of the actions of these two drugs causes a marked 
general depression of nervous activity without correspondmg depres- 
sion of the respiratory centre Respiration m fact, is little more de 
pressed than when morphia alone is given Besides the amnesic 
action of hyoscine its action on the parasympathetic nervous system 
IS generally sufficient to make the use of atropine unnecessary 

Alcohol —Much confusion exists as to the position of alcohol 
m relation to anaesthesia The narcotic effect of alcohol is seen daily, 
yet oddly enough this action is seldom taken into account when 
anaesthesia is considered Numerous cases are on record where the 
ingestion of a large quantity of alcohol has led to death with signs, 
apart from the smell of the breath, mdistmguishable from those pro- 
duced by an overdose of ether Although its use as a basal or as 
a sole anssthetic has now been abandoned, it is well to remember 
that this drug did enjoy a brief populanty as an amesthetic for a few 
years after Mann’s thesis in 1929 ® We have produced anesthesia 
for abdominal and other operations solely by giving alcohol intra- 
venously Anesthesia and recovery were entirely uneventful There 
IS, however, no method of adnunistenng alcohol which is simple 
enough to warrant its routine use 

We have often anaesthetised patients who had resorted freely to 
the whisky bottle to assuage the jams of toothache, and have found 
them easy subjects for nitrous oxide A drunken patient who has 
to be anssthetised for, say, reduction of a fractured tibia, will be 
7 
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found to need much less aiuesthetic than jf he had been sober 
The effect of alcohol here is the same as that of *^mall doaes of 
ether, and it is evadent that if the patient is under the influence 
of small doses of ether, he wtU need less subsequent anaesthetic than 
if he were not 

On the other hand alcoholism b. an addiction, and tolerance of 
and re-sistance to alcohol and other narcotics are soon acquired A 
patient who dnnks alcohol daily acquires a resistance to the effects 
of anesthetics m the same way as if he inhaled daily small quantities 
of ether Tor this reason the chronic alcoholic, unless heavilj pre- 
medicated or unle'-s he is under the influence of alcohol, is verj difficult 
to anssthetise \Yith a w eak anaesthetic such as N.O Because resistance 
to anaesthesia is well known to follow the continuous taking of alcohol, 
a regular dnnker is frequently warned not to take alcohol for the fev/ 
daj-s before he is to be anaesthetised Such advice is greatly mistaken 
It rests on a failure to appreciate that resistance is produced by the 
adaptation of the body to alcohol and is not due to the effect of alcohol 
recently taken It is the alcohol taken during the last ten years 
which causes the resistance, but the alcohol taken dunng the last 
fortj-eight hours acts as a sedatiie and diminishes resistance The 
intoxicated man is eas^ to anssthetise, whereas the chronic alcoholic 
deprived of alcohol is very difficult The following examples in our 
own expenence illustrate the typical effects of alcohol on anssthesia 

A drunken man was brought to hospital with a broken leg and 
a dislocated shoulder He was guen KjO He did not struggle 
and a mixture with a high percentage of oxjgen provided good 
muscular relaxation which allowed the shoulder to be reduced with 
ease He was warded in hospital for two dajs and then an$s- 
thetised for reduction of a fractured tibia In the meantime he 
had been deprived of alcohol according to the hospital routine 
Standard premedication proved insufficient Dunng induction 
by a competent and expencnced resident, he struggled violently 
and was not subdued until a large amount of an»sthelic had been 
given Such struggling could have been largely averted bj 
correct premedication or even bj two or three strong whiskies 
and sodas m the few hours preceding induction 

In another ca‘'C the patient was a woman whom the dentist 
stated had been an alcoholic, but he expected that she would not 
cause anj trouble «ince she had taken a cure and had been tee- 
total for SIX months Tliere was no reason to doubt the latter 
part of the storj, jet <he proved difficult to manage, showing 
reactions to anie^thesia typical of the chronic alcoholic 
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On xtiany occasions \ve ha^e ansestheti^ed patients, alcoholic 
and otherwise, who had indulged freely in alcohol to relieve tooth 
ache The dentist has expected lack of co-operation, but almost 
invanably %\e have found these patients easier to an$sthetise 
than if they had not been under the influence of alcohol 

With the great number of good in'e anesthetic drugs now at the 
anesthetist's disposal we do not suggest that alcohol should be used 
to produce sedation, but we feel strongly that any patient, particularly 
the alcohohc, should not be depnved of his customary alcohol for the 
few days precedmg an operation Such deprivation greatly increases 
reflex imtabihty and resistance to the onset of unconsciousness 

There is no objection to a patient drinking a brandy and soda, 
or a whisky and soda, one hour or even immediately before the 
anaesthetic proper, provided it helps him to face the ordeal , m fact, he 
^vlU be all the better for it On the other hand, the patient who finds 
this necessary must be regarded wath considerable suspicion, as he is 
hkely to be accustomed to mdulgence m alcohol and therefore to give 
trouble, but such last minute fortification will make him less, rather 
than more, troublesome 

BASAL ANiESTHESIA 

As their name suggests, basal an«es{hetjcs are used to produce 
a basic le\el of unconsciousness which can be deepened to surgical 
anesthesia by an mhalation anaesthetic In larger doses they could 
be used as the <«oIe means of producing suigical anesthesia, but such 
use IS rarely warrantable 

Broadly speaking an anjesthetic may be considered safe only if 
It affords a satisfactory margm between the quantity necessary to 
provide good operating conditions and that which would cause res- 
piratory failure, and if it can be administered by a method w hich enables 
the anesthetist to deepen or hghten ansesthesia at will Although 
most the sedstn e dnigs en cffatemya ase s nTdesslety cnscgin, 

it IS only with inhalation anjesthetics that the depth of anesthesia can 
be vaned from moment to moment as may be demanded by fluctuation 
in the state of the patient and the exi^ncies of the operation If an 
attempt is made to obtain full anesthesia b> a non inhalation anes- 
thetic, an error of judgment may easily cause a lethal dose to be gi\ en 
In any case, the rate of reco\eiy from any such drug is so slow that 
it should rarely be used as the «ole anaesthetic for a long operation 
Nevertheless, non inhalation anaesthetics have a wnde sphere of useful- 
ness as basal anesthetics 
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Tliere are manj basal drugs at the anesthetist s disposal They 
can be gi^ en by rectum, bj mouth, or mtravenousl} In all cases, the 
oO'Ct of sleep is peaceful and pleasant For some reason for «hich 
no adequate evplanation can be offered drugs giten by mouth, rectum, 
or subcutaneous or mtravenous injection produce a more pleasant 
transition from consciousness to unconsaousness than do drugs which 
must be inhaled With basal an^thetics the onset of narcosis is 
almost imperceptible and so much resembles normal sleep that resist 
ance to anaesthesia is not mobilised as often as by inhalation anies 
thetics The rate at which the patient becomes unconscious depends 
on the rate of absorption, and is therefore greatest when the drug is 
given mtraienously The length of the recovery penod depends on 
the drug chosen and the amount given 

Some imters ha%e stated that the prelimmary use of a basal 
aneesthetic mcreases the nsk of post-operati\e morbidity which 
accompanies the admmistration of an inhalation anjesthetic This 
new is erroneous, although it is true that return to consciousness is 
usually delayed by a basal ansesthetic. so that the patient needs 
longer post •operative care 

The one tenable argument against most basal amestbetics is that 
the prolonged penod of unconsciousness which they produce increases 
the penod, pre* and post operative, dunng which the patient must 
not be left without skilled supervision For this reason a shortage of 
nursing staff prevents the fuller use of basal premedication 

There are no age limits to the use of b^al anassthc'ia In the 
very young metabolism is high <o that a proportionately higher dose 
IS necessary The basal metabolic rate of the elderly is low , their 
dread of surgery is less than in the young adult , and if a basal 
anasthetic is to be given these factors make it necessary to reduce the 
dose accordingly If this adjustment is not made, deep and prolonged 
unconsciousness may result This is particularly undesirable because 
protracted immobility' in elderly patients i» liable to be followed by 
hypostatic congestion and cedema of the lungs, and by venous throm- 
bosis which may result in pulmonary embolism 

Tlie duration of sleep produced by the basal anaesthetics about to 
be desenbed vanes from a few mmutes to several hours Since the 
p/iiyAut.'ei wi’A TitA. "sIA sA.-nnti’ft sYmtAA be r^firranti'itA tts 

far as possible The room «Jiould be quiet and the patient protected 
from strong light lie must not be jolted dunng transport to the 
theatre, nor bumped clumsily on to the operating table Under avertm 
narcosu. a patient may be roused dunng transit to the theatre and 
may be apparently awake on amval If he is left undisturbed he 
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Mill fall asleep again m a few imnates and the inhalation anssthetic 
may then be commenced 

Of the many basal anesthetics available we discuss here onlj those 
of which we ha^e had considerable practical experience The dose of 
each drug mentioned is that for an adult patient m average health 
This ‘ standard dose should be reduced for the asthenic, and 
increased for the robust or resistant patient 

The Rectal Route 

Gwathmey in 1913, ga\e ether mixed ivith ohie oil bj rectum 
to a patient m bed before taking him to the operatmg theatre, 
and, as Rowbotham indicates this wras the first big step towards 
pre\enting the mental distress which often has such a deleterious 
effect upon his condition before, during, and after operation 

To obtam successful results from administration of aneesthetics by 
the rectum the foUownng routme is recommended An enema should 
be given the mght before operation Whether this has been done or 
not. It IS unnecessary and even undesirable to give an enema on the 
morning of operation smce this increases the sensitivity of the rectum 
for a few hours and the anaesthetic given may be expelled The patient 
lies on his left side and two pillows are placed under his buttocks 



Fig 22 —This posiboa by aUowing tbc fluid to run freelj into the bowel hastens 
absorption and prevents discomfort from d stenston of the rectum 


Nothing IS to be gained by runnmg the fluid m slowly, but it should 
not be run m fast enough to cause discomfort from rectal distension 
With children, particularly if they are unco operative, expulsion of 
the fluid can be pre^ented by pressmg the buttocks together both 
during and after the rectal in}ection 
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A\ertin fluid* [Tnbromethjlalcohol (CBrjCHjOH) m amylene 
hydratCj — ^Tlie do«e is 0 1 cc per kilo of body weight of the patient 
The avertm fluid is shaken \agorously with forty times its ^ olume of 
distilled water at approximatelj body temperature, tested \nth Congo 
Red (to make sure that the solution is not acid enough to turn this 
blue) and then run mto the rectum through a catheter The patient 
rapidly becomes drowsy, unconsciousness is reached m 10-30 
minutes and lasts about an hour and a half Smce avertm has an 
appreaabl} depressant action on respiration the standard dose must 
be greatly reduced if another drug with this action, e g morphia, has 
been gisen wathin the previous 3 hours One advantage of avertm, 
very useful for jaw surgery is that the masseter muscle is relaxed even 
during light anaesthesia 



Fic 23 — Chart of sleep lesulting from rectal admiiuatratioa of (a) pentothal (6) 
avertm aad (r) paraldehyde intbedosesmentiooedintbeparagraphsdealingwttbtbese 
drugs There j» no significant difference in the time laVen to produce unconsciousness 
with all three but they differ in the depths of depression produced Since the rates 
of excretion differ there is a cOTrespondiog dtSerence in the duration of Iheit effects 


Paraldehjde (CHaCHO), — The dose is 1 drachm per stone of 
body WE\ght with a maxunum dosi^e of J nz /8 draefams) Before 
being given bv rectum it should be thorougldy shaken with twelve 
times its V olume of water or saline or it can be given w ell mixed with 
an equal v olume of oliv e oil Unconsciousness comes on rather more 

• This drug is now made in this coontxy and is avadablo as vanous brands 
of bromethol 
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slowly than after avertin and lasts longer — usually four to five hours 
It does not produce any marked respiratory depression The mam 
contra indications to its use are (1) the prolonged unconsciousness 
(2) its excretion m the breath makes the atmosphere of the nursing 
room objectionable and (3) m our cxpenence it has occa'^ionally proved 
sufficiently imtatmg to the rectum to make its retention uncertain 
Pentothal and evipan — Recently we have been adminiitenng 
these barbiturates by the rectal route in do<;es of 0 1 gm per year of 
age, with a maximum of 2 gm The powder is dissolved m 20-^0 c c 
of water and the solution run mto the rectum The patient is usually 
lightly asleep m 15 minutes and remains so for a further half hour 

The Oral Route 

The advantage of this route is that it involves the miimnum of 
fuss for everyone concerned The disadvantage is that gastnc and 
intestmal motility and absorption are notonously unrehable m the 
nervous individual the very one for whom ba«al ansesthesia is par- 
ticularly desirable The oral route is successful m about 95 per cent 
of cases but in the remainder the an«sthetist is faced mth the problem 
of dealing with a patient who has mgested but not absorbed a strongly 
depressant drug If the operation is postponed all concerned are 
mconvemenced If it is decided to proceed and an inhalation anas- 
thetic IS given the patient wall have lost the advantages of basal 
anasthesia and the anaesthetist iviU have to allow for absorption of the 
ingested drug at an unpredictable time during unconsciousness. 

Some disappointments are inevitable when basal anasthetics are 
given orally It cannot be promised as with a basal anesthetic given 
rectally or mtra%enously that sleep iviU certainly follow 

One of us was called in to anaesthetise a child m the early 
afternoon She had been put to bed at this unusual time in 
a bedroom transformed into an operating theatre She was 
apprehensive, of couree, m «uch surroundings, ei en though she had 
not been told she ivas to have several teeth extracted Ihe family 
doctor insisted upon nembutal by mouth as the basal anesthetic, 
and this was guen one hour before it was intended to start the 
operation Since the drug had not produced any effect by the 
appointed time the ojieration was postponed An hour later the 
child fell into a sleep which lasted se\'eral hours If she had been 
premedicated with bromide for two or three days beforehand, 
she might have been glared her apprehensions and gastnc 
absorption might not have been delaj ed Altematu ely she should 
not have been allowed to know anything of the preparations for 
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operation, and should have been gi\en nembutal in place of lunch, 
and encouraged to lie down on the sofa nhile somebody read to 
her Under the^e conditions the nembutal would have been 
absorbed, and once asleep the child could have been undressed 
and put to bed 

The percentage of failures wiU be decreased by any preliminary 
procedure which reduces apprehension and ensures normal functioning 
of the stomach The night before operation an adult should receive 
luminal J gr to ensure a good night's sleep, and 2 hours before 
operation morphia gr subcutaneously 

Nembutal. — This barbiturate is a bitter powder which is supplied 
in gelatin capsules The dose lor an adult is 3-6 gr Unconsciousness 
comes on in about 20 minutes and lasts for about 1 J hours Tlie 
dose for children in grains (not grams) is 0 6 per stone of body weight, 
with a maximum of 3 gr Since it is often difficult to persuade a 
child to swallow a capsule, the powder can be shaken into a medicine 
glass and its bitterness largely disguised bj the addition of honey 
and orange juice 

The iDtratenous Route 

“rhe barbiturates which are given intravenously can be classified 
roughly as ultra-short- and short-acting accordmg to the rates of their 
excretion 

Pentothal and evipan. — These belong to the ultra-short-acting 
group and are discussed more fully on p 13S As basal anassthetics 



Fio 24 —Chart of sedaUon produced by («) iotra\eaous 
venous nembutal and (el subeutaneons mo gA.a. 


pentothal, (6) inua- 
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they can be used for the ambalatoiy patient if only a very small dose 
(eg 0 25 gm ) is gi\ en rapidly , to a patient in bed, double this dose 
or even more may be necessary to all 0 \\ him to be transported in the 
unconscious state to the operating thratre 

Nembutal and pernocton — Of the short-actmg barbiturates, we 
have had most experience with these two drugs The former is a 
powder readily soluble in water, the latter, because of its greater 
stabihty, is distributed in solution m ampoules These drugs must be 
injected slowly and the administration stopj^d when unconsciousness 
is reached On an average this is attamed bj 3-6 gr of nembutal 
or 3-5 c c of pernocton Both drugs are excreted slowly Average 
doses produce unconsciousness lasting for 1^ to 2 hours and drowsiness 
persists for many hours afterwards 

ATROPINE 

Although atropine is the only pre-anassthetzc drug which does not 
have a sedative effect on the central nervous system, it is used almost 
as a routme before general surgical operations By depressing the 
activity of the parasympathetic nervous system which supplies 
secretory nerves to the salivary glands and to mucous glands of the 
bronchial tree, atropine prevents the excessive secretion of mucus 
which otherwise occurs when the aniesthetic vapour is imtant 
Hyoscine, structurally related to atropme, similarly depresses the 
parasympathetic nervous system Only those who have given ether 
to unpremedicated patients reah«e fully the value of this protection 
both against obstruction of the airway by mucus and agamSt post- 
operative chest comphcations 

Atropine is still recommended bj some as a protection against 
sudden death in chloroform anaesthesia Despite the w ork of Goodman 
Levy,^ it is still frequently taught that high concentrations of chloro 
form stimulate the vagus, and that the resultmg mhibition of cardiac 
Arkijiv Abe iu'iuie? ^ Abf* .VNbicb .toac'wx' 

occur during chloroform anjesthesia It is probable that these deaths 
are due to ventricular fibrillation against which atropme offers no 
protection 

The do'e of atropme for an adult is gr , and smce it cannot 
be relied upon to be effectiv e in smaller doses than t-Jtj gr . tlus latter 
dose should be given even to an infant Its action on the submaxiUary 
gland becomes manifest after about 10 mmutes Tlie cessation of 
salivary secretion will be found particularly helpful to surgeons 
operating in the mouth To the patient, however, the dry mouth may 
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be a cause of acute discomfort particularly on a hot day Atropme 
should therefore not be injected an unnecessanly long time before the 
operation 

There is no contra indication to the use of atropine m an ambulatory 
patient There is no need for it however before simple extractions 
If it IS desired to ensure a dry mouth for a major jaw operation under 
local anassthesia in the denial chair the drug can be given as a tablet 
by mouth half an hour before the operation 
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CHAPTER XI 

THE MORE DIFFICULT PATIENT 

JIental and temperamental differences between individuals are as 
common as the more ob\ious physical differences, and they play an 
equally important part in affectmg a patient s reactions to anaesthetics 
The behaviour of an individual may differ so little from the average 
that, altho^igh the stress of fear and excitement temporarily reveals 
a previously unsuspected abnonnality which makes him a difficult 
subject for anaesthesia, yet he could hardly be described as abnonnal 
The anaesthetist should learn how to assess quickly the type of patient 
with which he has to deal, so that he can foresee when anaesthesia is 
likely to be easy and when difficult This is particularly important 
for the ambulatoiy patient whom the anesthetist often sees for only 
a few minutes beforehand, and who has usually had bttle or no 
premedication The everyday social expenence of a sympathetic 
observer will help him to detect such psychological traits as may 
be expected to influence the course of amesthesia The informa- 
tion he denves from the patient s behaviour, during their short 
acquaintance before anaesthesia is begun, together with his expenence 
of the ways in which patients react during the early stages of 
an®sthe«ia, enable him to foresee the probable behaviour of the 
patient dunng anesthesia The ability to “ size up ’ his fellow- 
men dunng a few minutes' conversation is a valuable asset to an 
anesthetist 

This chapter deals with (he vanous categones of patients who 
present difficulties to the ansesthetist The problem* encountered 
and the principles employed in overcommg them are illustrated as 
/ar ss possible hj exampf^ /nwn afKes^^Iesfa xir denfaf sxfrgery 

THE NERVOUS PATIENT 

The way in which a patient reacts to the thought of an operation 
or of being rendered unconsaous is» of great practical importance to 
the anaesthetist The fear reaction, which is an essential factor in 
biological survival, consists of a complicated senes of changes which 
prepare an individual either to te*iist the mcident whicli evokes fear, 
if necessary bj means of physical violence, or to run av^’ay This is 
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aptly de-^nbed as the fight or flight mechamcm a pninitive 
defensive mechanism of the body put into action as a result of stimula 
tion of the sympathetic ner\ous sj^tem A similar response is shown 
after the mjection of small doses of adrenaline There is increased 
activity in the relevant bodily functions Dilatation of the pupil 
improves \nsion the respiratory centre is rendered more sensitive 
facilitating intake of o\ygen and excretion of COj and respiratory 
exchange is further improved by the substitution of oral for nasal 
breatlung liver glj cogen is mobilised and the blood sugar thereby 
increased to supplv muscles with energy cardiac output is increased 
and blood pressure raised for the same reason Reflex action time is 
shortened and mental alertness is increased and the ability to sleep 
correspondingly diminished to cope with the emergency This 
means that the starting point of anaisthesia is raised considerably 
above the level at which consciousness is lost that induction will 
therefore take longer and that there will be more time and oppor 
tunity for the patient to behave violently before surgical amesthesia 
15 attained 

The highly nervous individual is one who readily shbws this 
reaction to fear He over responds to ordinary stimuli and the mere 
thought of vasiting the dentist is enough to upset him Unless he 
has been calmed by appropnate premedication his inability to co 
operate is liable to lead to difficulty in the induction period It must 
not be thought that this over reactive type is always easily recog 
nisable Education and training can so modify a patient s reactions 
that his tendency to over respond may be hidden successfully until it 
IS revealed by removal of higher conscious control as during induction 
of anesthesia Other modifying factors have a temporary effect and 
act in the ways one would expect For instance if a patient who does 
not normally overreact has been ovenvorked or if he is upset by 
business or family womes he will be converted temporarily into the 
ov er reactive tj pe and will behave accordingly A familiar illustration 
IS seen in hospitil practice during a morning session of extractions when 
one sometunes has to deal with a patient who has just been on night 
duty Such a patient is almost mvanably difficult to anxstheti'e 
Similarly over reaction is seen in patients who have been kept awake 
all night by toothache 

Some degree of fear associated with the prospect of losing conscious 
ness and of an operation is so natural as to be quite normal Such 
nervousness is one of the commonest causes of difficulty during 
induction and m extreme cases is so marked that the patient is 
incapable of co-openting with the inaslhetist 
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The anesthetist should treat with understanding, reassurance, and 
encouragement any particular fear which he may detect The fear 
most commonly confessed is that of losing consciousness This vague 
fear occurs mdependently of, and is much more frequent than, fear 
of death The patient may be afraid of losmg self control or of 
beha\'ing badly or of talking indiscreetly If previously he has had 
a feeling of suffocation or a vivid ’ nightmare ” or any other unplea«ant 
expenence associated with aniesthesia, he fears with a certain amount 
of justification that this expenence is hkely to be repeated *_ 

Fear that too small a dose of anasthetic will be administered, and 
that the pain of the operation mil be felt, is far commoner than fear 
of o\ er dosage The patient who is afraid that the operator will begin 
work before he is unconscious often tnes to keep his eyes open, or 
holds up his hand, or moxes his arm up and down, or attempts 
to speak or to repeat a monotonons sound to signify that he is 
still awake 

It IS unusual for the patient to start to make any such mo\ ement 
or noise until he has taken about three or four breaths of gas The 
administrator should take his cue immediately from any of the&e signs 
and put the patient s mmd at rest by pattmg him reassuringly on 
the shoulder and by saynng, m a decided tone. " No. you needn't 
worry, I know you are not nearly a«leep jet I promise jou that 
'"Mr Jones' wont begm until you are completely asleep Now I 
want you to breathe a tnfie more deeply for a few breaths— one, 
two, excellent " 

One can often reassure the patient who indicates that he is not 
yet asleep by <aying, " I am purposely putting you to sleep \ ery slow ly 
and giving you a lot of oxjgen as a stimulant That means that you 
will go off to sleep slowly, but you will feel all the better afterwards ” 
Although Oj IS not, m fact, added until aniesthesia is established, such 
a statement calms the patient and so conduces to a good recovery. 
A regular mo\ ement of the band, arm, or foot, such as has been 
descnbed, when once initialed dunng consaousness may persist after 
unconsciousness has been reached, but w^ll disappear during deep 
anesthesia Sometimes merely puttmg the patient s aim down by 
hzs side wiU arrest the«e automatic arm mo\ements 

ilost people keep their ej’es dOsed dunng the induction of anaes- 
thesia Nervous patients, howe\er, tend to keep them open For 
the sake of the«e the wise dentist will stand where he can be '=een. 
m front of the patient, and endeavour to gi\e the impre«sion that he 
has no immediate intention of begmmng to operate He should show 
himself occupied, for example, in the contemplation of an X-ray film. 
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OT merely in gaiing out of the vnndov. If the patient should open his 
ej es before consciousness is lost, he niU then ha\ e less reason to suppose 
that the operation Mill commence prematurely than if he finds the 
dentist, forceps in hand, standing eagerly over him 

Fear that aniesthesia mil be too great a strain for the heart may 
be indicated by the patient putting his hand to his heart during induc- 
tion The anassthetist should pat him on the shoulder and inform him 
that the forceful beating is a usual, mdeed a reassuring, phenomenon ' 
" I know you can feel your heart beating strongly — that's nothing to 
Morxy about, m fact it is a good sign I want you to continue taking 
nice deep breaths exactly as you are doing now " 

The nature of the proposed operation may itself determine the 
appearance of the fear reaction A woman, in particular, is nervous 
and depressed or hysterical if she is to lose her front teeth She may 
be afraid of wearing dentures, or afraid that the need for this operation 
indicates the onset of old age. and on such an occasion one may antici- 
pate that she will not be as co-operative dunng induction nor as placid 
on reco^ery as if a molar tooth were to be extracted 

Fear ls a complex phenomenon, and patients often reveal specific 
individual fears The person who is generally recognised by his fnends 
as a " nertous indindual " does not always present difficulties, but 
sometimes the ordinanly well balanced individual shows a surprising 
instability when confronted wth the prospect of being amesthetised 

A striking instance of this contrast was seen one morning in 
two consecutiie patients The first, a VC of the Great War, 
entered the dental suigerj’ for simple extractions m such a state 
of terror at the prospect of losing con^aousness that it was thought 
advisable to postpone the operation and to arrange for its 
performance in a nursing home where he could be given a 
basal aniesthctic before nitrous oxide The next patient, a frail 
old lady , nervous of crossing the road, had no tear of unconscious- 
ness or of an operation, and anaesthesia mth nxsal nitrous oxide 
was quite smooth 

Tlie anaisthetist is forewarned by an apprehensiveness which 
declares itself before the anxsthebc begins, but an important degree 
rA TctTxtfabTftSK -may 'wrfrrotfc dbvious signs, \eading to dithculties 
m the induction period which may take him unawares It should 
be remembered that the reaction to fear x-anes m different mdmduals 
Although It Ls gov emed by tlie laws of inhentance, it may be brought 
under control by training or the habits of a lifetime and, as pointed 
out above. It IS not always possible to recognise when this has occurred 
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Thus a man may, by years of practice, have developed so perfect a 
voluntary restraint that his friends do not reahse that he is a highly 
" nervous *' mdividual , that is his owm secret He is often one of 
the community’s best t5rpes, intelligent and acutely alert to eiery 
danger, but with all his fears controUed and bidden 

The duration and mtensity of the training process determme the 
extent to which a nervous patient is able to suppress the signs of fearful- 
ness The " stiff upper lip ’ frammg begms very early to modify the 
fear response A good example is that of the young midshipman, 
who, although acutely temfied by his visit to the dentist, conceals his 
fear completely However, durmg mduction of aujesthesia, %oluntary 
control is the first function to be lost and then hia real nervousness 
becomes manifest The stage at which this occurs depends upon the 
strength of his mitial self control The young midshipman who has 
only relatively recently acquired the ability to control his emotions 
continues to obey mstructions imphcitly until the on«et of uncon 
sciousness He thus retains his control for a longer time than does 
the patient who show s panic early in induction but patients w ith more 
rigorous self<ontrol retam it until various later stages of unconscious- 
ness In some patients it is so strong that it persists until late in 
anassthesia, by which time muscular and obvious mental action are in 
abeyance so that its loss is unnoticed, and the anaesthesia remains 
smooth throughout 

The anaesthetist may be surprised by the patient who«e emotional 
control IS only superficial if he has not learned to be suspicious of the 
person who embarks on anaesthesia in an abnormally hght hearted 
fashion, for such hght heartedness maj represent an attempt to conceal 
a nervousness which is extreme The patient at first co operates 
perfectly, but just as consciousness is lost he suddenly struggles 
violently and may get out of hand unless the antesthetist has been 
anticipatmg tlus emergency and is ready to cope with it 

With many nervous patients, difficulties are expenenced onlv during 
the mduction period and for the first few minutes of the supervening 
anjesfhesia The energ} for resistance then seems to be dissipated and 
subsequent anzesthesia is easy Lo^s of control is evidenced bv lack 
of CO operation, the onset of \ugorous oral breathing, by movements of 
the arms and legs, and sometimes by screaming The patient may 
retch and spit out the prop and at last be subdued only with diffi- 
culty ^Vhen these reactions occur they indicate that fear influences 
the mind to such an extent that the subject is not ^u'^ceptible to anj 
reassurance It is useless then for the anfcsthetist to show im- 
patience, since this onlj increases the fear These patients once 
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anzesthetised become peaceful and easy others the wry, 
aggressive or resistant wU respond vigorously if stimulated at any 
stage during light anresthesia 

Once the fear reaction has occurred it is hable to recur if anesthesia 
la allowed to lighten unduly Moreover m an extremely nervous and 
resistant patient even deep N.O aniesthesia sometimes so deep that 
asphvxial jactitation is imminent may be insufficient to prevent the 
operative stimulus evokmg reflev. muscular responses Continuance of 
the stimulus may rouse the patient to mouth breathing and extreme 
restlessness and the operation must then be interrupted until anss 
thesia IS deepened again As stated abov e the fear response is probably 
an adrenaline release mechanism producmg a degree of alertness w hich 
IS antagonistic to relaxation and sleep and therefore to the onset and 
maintenance of anaesthesia Clinical expenence shows that the antago 
nistic effect of the adrenaline mobilised by the fear reaction is so strong 
that in order to render the patient qme«cent after the reaction has 
occurred and to restore no«e breathing and a state of unresponsiveness 
to stimuli the 0, content of a N ,0 0* mixture may have to be reduced 
temporanij to a lev el considerably lower than that required tomamtam 
satisfactory anssthesia in a non nervous patient Indeed the largest 
concentration of Oj m the mixture which will pennit of successful 
anssthcsia can be regarded as an inverse measure of the amount of 
adrenaline m the circulation Premedication (Chapter X) is the 
method par exc4llence by which the condition of a nervous patient 
can be so modified that he can be anaesthetised by nitrous oxide 
without resorting to extreme deprivation of oxygen 

Cumulative Dislike of Anesthetics 

The resistance of an individual to the on^et of anaisthesia may vary 
froraday todaj It is a curious p^jchological phenomenon that during 

the courseof fiv e or sixadmuiistrations the patient becomes increasingly 
unwilling to re«ign him«elf to unconsciousness brought about by inhal- 
ahOK ansstUetics however pleasant his previous expcneuccs may have 
been At the first or second administration of NjO his tranquil state of 
mmd maj make it possible to giv e a relativelj high percentage of ox> 
gOT. H tb/i 7?fiy5x. virrw^wv kVftTffA*!. wtar-vtiT* Wvrsp/eicCTiV'a'gt; 

has to be reduced in order to achieve'the same depth of anx-sthesia a 
phenomenon described by Hewitt as progressive intolerance to nitrous 
cncidc For this reason a patient who is at first normal may after 
repeated xuaisthclics become a nervous patient By reassurance and 
premedication the nervous element can be reduced and the patient s 
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metabolic rate depressed so that aniesthesia is ‘Started from the same 
level as on the iirst occasion , the original concentration of anffisthetic 
w ill then have its previous effect It is, however, of greater importance, 
particularly for a nervous patient, to plan the dental work to be done 
so that as few separate anesthetics as possible are needed Although 
he feels less well after a long than after a short anesthetic, the average 
patient prefers one or two long anesthetics, during which the work 
can be completed, than to have his visits to the dentist multiphed 
If two visits are necessary it is generally preferable to do the less 
difficult extractions first so that, after anesthesia as short as possible 
and recovery as pleasant as possible, the patient will not approach the 
second occasion wath dread However, if the dentist is concerned 
about the operative difficulties he may begin with the more difficult 
extractions if he finds them even more formidable than he anticipated, 
it IS best for him to stop operating as soon as possible, in order that 
post operatn e depression may be minimal and to arrange for the 
patient to enter a nursing home for the rest of the work to be done at 
a smgle session 


THE ANiESTHETIC-RESISTANT PATIENT 

There are two chief variables which determine an mfinite variety 
of reactions to ansesthetics tliese are the potency of the anaesthetic 
agent used and the resistance of the patient to the onset of unconscious 
ness For instance, if an average dose of a potent ansesthetic is 
admmistered to a patient depressed by shock, dangerously deep 
anesthesia may be produced On the other hand, often in the dent^ 
surgery, the anesthetist is tempted to try to subdue a resistant patient 
with NjO, the weakest of anesthetic agents, with the expectation that 
the resultmg anesthesia will be tranquil enough to allow difficult 
extractions to be accomplished Only too often, when the anesthetist 
IS inexpenenced, have hopes of this fond, together with some of the 
surgical equipment, been dashed to the ground ’ 

The nature of the resistance shown by the anesthetic resistant 
patient is different from that of the patient who is merely “ nervous ' 
The latter is unco operati\ e duni^ mduction but is subsequently easy 
to manage The former possesses a fundamental resistance to the effects 
of anaesthetics, a resistance which is particularly evident when a 
weak anesthetic such as NjO used It is with the healthy robust 
patient that anresthetic difficulties are encountered when N'.O is used 
— not, as IS generally supposed with the frail elderlv patient Mffiilst 
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With the frail anjesthesia is easy throughout with the robust 
both induction and maintenance are difficult There is only 
a narrow range of safe anse^thesia between marked response to 
an operative stimulus and aspb>xial jactitation Nervousness of 
course increases the difficulties encountered \sath this group of 
patients 

The aniesthetic resistant patient ^ould be recognised as a definite 
tj'pe and dealt with appropriately He possesses the quality of 
sthenicity (Gr aflsvo, = strength) a term used b> Amencan 
wnters to signify excessive vital enei^ Typical examples are the 
hunting major the international footballer the navvy and the man 
who does not know when he is beaten With a little experience 
resistance to the effects of anassthetics can be estimated with fair 
accuracj A direct companson can be made with the resistance to the 
onset of unconsciousness from anj other cause A man who can take a 
severe blow and continue fighting w lU be anaesthetic resistant so w lU 
the man who can dnnk half a dozen strong cocktails without showing 
any effects If a patient is resistant to one anssthetiche will be resist 
ant to all This state of resistance to unconsciousness may be innate 
or acquired The determined wiry physcally aggressive pugnacious 
individual is innately resistant while the patient who famts easily is 
not Those who have acquired resistance include the physically fit 
robust subject in training and the alcoholic who by daily consump 
tion of this drug has become resistant to the effects not only of alcohol 
but of all narcotics 

WTien an anaisthetic resistant patient presents himself for dental 
extractions he often giv es a history of previous troublesomeness dunng 
anesthesia He is usually somewhat proud of this and does not spare 
anj opportumtj of telling of his previous difficult behaviour Atten 
tion should be paid to the patient s warning that he takes gas badly 
Wayward behaviour under ISjO is accounted for more often by the 
patient v idiovj-nciasies tlian by unskilled ansesthesia Ev ery anres 
theti«it temembers with regret rome case in which he did not regard 
the patient s warning laying the fault in his own mind at the door 
of the previoii administrifor Even if the patient is being ana^tfiet 
j ed for thf first time or if he does not mention the difficulties of former 
<?cctsK7i7f f/ft? snsstlicttst With aiij cjtperiencc can generaffy recognice 
that In. IS hkcly to prove r^istant WTuIe resistance to anajsthesia 
is mo«t apparent when N.O is used it will be seen also if ether is used 
as the sole ana^thctic for a major operation With ether and NjO 
in the re'iistant patient struggling is common with the former during 
induction witVi the latter during maintenance Difficulties are expen 
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enced in induang anesthesia with ether in such a patient because its 
irritating effects on the mucous membranes make it impossible to hasten 
the patient through the dehnum stage Strugglmg is then mevitable 
but once anesthesia has been produced maintenance presents no difficul 
ties because of the potency of ether Although unconsciousness is 
rapidly produced ivith N^O this agent alone is not strong enough to 
produce peaceful ansesthesia in a resistant subject unless a noticeable 
element of asphyxia is introduced By the use of the more modem 
powerful and pleasant anaesthetics (pentothal evipan, cyclopropane 
etc ) the ansesthetic state can be reached quickly and mamtained easily 
without struggling Resistance which would be obvious with NjO is not 
seen with pentothal where the stage of potential dehnum is passed 
through in a few seconds and where the de^ee of resistance encountered 
is conveyed, not in terms of a struggle but m terms of the dose of anjes- 
thetic needed to produce peaceful anaesthesia Thus an anaesthetic 
resistant patient might need as much as 0 7 gm of pentothal for an 
operation which m the average patient could be accomplished with 
0 4 gm With a drug of rapid action such as pentothal the alcoholic or 
other resistant patient is scarcely more difficult to anaesthetise than 
the average smce all the difficulties can be overcome by admimstenng 
a large dose 


Fig 2» 


If it IS recogmsed before 
anesthesia is begun that 
a patient is hkely to be 
rey^tant a strap should 
be used so that the pelvis 
IS fixed w ell back in the chair 
(p 182) \\ ithout attracting 
the patient s attention the 
foot rest should be taken 
a\% aj If the foot rest cannot 
be removed the feet should 
be placed on either side of 
the chair 
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Oxjgcn lack and surgical stimulus almost mvanably cause some 
muscular response m these patients which may be violent enough to 
make them assume a position of opisthotonos, unless these pre- 
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cautions ha^e been taken If the foot rest is left m position when 
the strap is m Uac a powerful patient may press on it with sufficient 
force to break it 

Any moiable furniture withm reach of the patient s arms or legs 
should be moicd out of range Violence of an extent to justify this 
precaution is extremely uncommon but when it does occur it usually 
develops suddenly Besides the genuine danger that the patient may 
damage himself because the attendants cannot control him, and 
incidentally, the danger of his damaging the attendants, the effect 
of his struggles may be disastrous to furniture withm his reach 

In addition to these preliminary precautions, it Xa necessary when 
nitrous oxide is the anesthetic to enhance its action by suitable means 
As pointed out elsewhere the range of anaisthesia wtli A jO is extremely 
narrow During light anastbesia a surgical stimulus will cause reflex 
responses — restlessness, struggling, mouth breathing, and return to 
ctfltst.wtfsTies» rm att-errriA ■» made to provide deep anjKAYiesTa 
bj further dimini'hing the O, intake asphyxial movements soon follow, 
and later respirator) arrest If NjO is to be used for the unpremedi 
cated anaisthetic-resistant pxtient, satisfactory results can be obtained 
by increasing the range of an'esthesia by -i small dose of pentotlial or 
evipan gi\cn intravenously immediately before the X.O or bv the use 
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of supplementary ethyl chlonde Smooth ansesthesia can then be 
maintained without reducing the oxygen content of the anesthetic 
mixture to a dangerous degree If it is decided to use a barbiturate 
intravenously the amount to be given depends on the degree of resist- 
ance anticipated from the patient and on the interval at which he 
has afterwards to leave the smgery m a normal condition 

If an anzesthetic-resistanl patient is not recognised as such before 
anaesthesia is begun and is given nitrous oxide, he will cause difficult), 
Even when cyanotic and obviously unconsaous he is far from peaceful, 
even though no operative stimulus is applied He may purse his hp^, 
roll his tongue, spit out the 'sponge, hold his head in an awkward 
position, be restless m the chair, and hold his arms ngfdly extended 
Respiration is irr^ular, the breath bemg held in, inspiration, and 
expiration is preceded by a grxmt In this type of case any of the 
foUowmg three procedures wtH be found useful 

1 The nose-piece is kept in position, and a comer of the towel 
over the chest is turned up over the mouth and ethyl chlonde is 
sprayed on to this (fig 42, p 160) 

2 As soon as the patient is unconscious an ordinary marine 
sponge soaked in ether ta put into the mouth and the mouth-piece 
IS applied This method is much more effective and pleasant than 
the description suggests The effect, considenng the amount of ether, 
IS quite extniordmaiy' Very quickly the patient quietens and 
anesthesia remams tranquil Recover)- is unexpectedly rapid In 
our experience, this manoeuvTe has not been followed by nausea or 
vomiting, and the patient would appear to be unaware that ether has 
been given 

3 In a similar way a 3-c c phial of vinesthene may be poured on 
to the upturned bib or on to a marine sponge, w hich is inserted into the 
mouth 

For the inexpenenced anjesthetist the addition of ether ivdl be 
ftyatid mtne and ■safes than Wie adtditTOn nf tht\arAt, 

because the latter drug, if given in excess, rapid!)' produces dangerously 
deep anesthesia The after-effects of the addition of ether, ethyl 
chlonde, or vinesthene are practical!) non existent if their use is 
confined to the 1)^)6 of case for which they are necessar)' If, however, 
these agents, particular!) ethyl chlonde. are used for the normal, or 
the frail, patient, collapse may occur and return to consciousness be 
associated wath nausea and voimting 

Deepening of anjesthesia may be obtained by compressmg the 
carotid artenes against the transverse processes of the cervical 
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vertebra This method of producing temporary' unconsciousness is 
well recognised by the Japanese, aiul we have on occasions found it 
very helpful m increasing the effect of N^O jn short operations when 
this gas alone was not adequate 

ALCOHOLISM 

The relation of alcohol and of the alcoholic patient to anesthesia 
IS dealt with on p 97 

MORPHIA ANO COCAINE ADDICTION 

We have arUesthetised both morphia and cocaine addicts and found 
them no more difficult than normal patients provided they had not 
been deprived of their customary allowance of these drugs 

On one occasion we were asked to give nitrous oxide to a 
cocaine addict for dental extraction The patient s doctor under 
the impression that it would facilitate the anjcsthetist s work, 
diminished for 24 hours the patient s customary allowance of 
cocaine On arrival at the dental surgery the patient was 
restless and unco operative It would have been impossible to 
give him gas without reporting to forcible restraint He was taken 
home and brought back the next day having been given slightly 
more tlnn his usual amount of cocaine He was then contented, 
relaxed and cooperative and as such was an easy subject to 
anssthetise 

An operation takes place only a few times in a patient s lifetime 
and everjihing possible must be done on these occasions to make him 
feel at ease If he happens to be a drug addict of any sort — cocaine, 
morphia, alcohol or tobacco — he should not be depn\ed of the one 
essential he needs to face the everyday difficulties of life An increased 
allowance of his drug on this special occasion will soothe him and 
make the situation easy both for him and for the amesthetist 
Premedication should take the form of a slightly larger dose of the 
drug on which the patient leans for support 

MENSTRUATION 

There is no justification for the common impression that a patient 
who is menstruating should not be subjected to anaesthesia, or to most 
operations, on the grounds that it would be more detnmental to her 
than at any other time Sui^ons appear to agree however, that 
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where the operation is to be performed on the pelvic organs, on the 
thyroid gland or breast, it should, unless urgent, be postponed during 
menstruation Bleedmg \shich is freer than normal occurs at this 
time m these areas from generalised pelvic congestion m the first group 
of operations, and m the second and thirdgroups it is thought that there 
IS increased vascularity of the organs concerned dunng the menstrual 
penod as a result of some endocune mter relationship In other cases, 
fear that there may be mcreased bleedmg, e g from the tooth sockets 
after dental extraction, is ivithout foundation, smce the rate of clotting 
of the blood is not sIom ed 

Not mfrequently a patient n olunteers that menstruation has begun 
and asks if the operation should be postponed on that account 
Except m the instances mentioned, she can be assured that this will not 
influence the operation m any way.and with this knowledge the average 
patient decides to undergo the operation as arranged 

If, however, the patient is physically upset by menstruation, or if 
there is any marked temperamental disturbance, it may be desirable 
to postpone the operation 


PREGNANCY 

Expenence m anssthetismg patients from antenatal clmics leads 
us to believe that there is no evidence that administration of an 
anaesthetic to a pregnant woman renders her more hable to abortion 
or is harmful to the foetus Smce, however, there appears to be a greater 
tendency to spontaneous abortion at the tunes when the first three 
monthly periods would other\%-ise be due, these times should be a\ oided 
for operations which are not urgent 

The choice of an^thelic is determined by the patient’s general 
condition and not by the fact that she is pregnant If NjO is used, 
the foetus will not suffer from oxygen lack as much as is generally 
supposed, because foetal hsemoglobin is saturated at a much lower 
oxygen tension than is that of the mother 

PULMONARY DISEASE 

If an extraction is necessary for a patient suffering from acute 
bronchitis the merits of local anaesthesia must be considered If a 
general anaesthetic is decided upon, nitrous oxide may be administered 
wnthout any fear that its use will lead to an extension of the catarrh 
Sedation wnth a full dose of morphia (say 1- g r to a 1 0-stone adult) 
one iiour betore the a naestheti c ma kes it possible to produce adequate 
anaesthesia wnth less Oj deprivation than would otherwise be necessary 
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Since N5O has jio i mtant action on the muc ous membranes it can 
be used irT^hthisis or chronic bronchitis If it is desired to avoid 
deprivation of Oj the action of \JO may be reinforced by an intra 
venous barbiturate morphia or avertin_ Alternatively ansesthesia 
can be produced by cjclopropane or by an intravenous barbiturate 
given alone A warning is usuallj given agamst using ether in these 
conditions This maj be correct but it is doubtful if ether properly 
given through a perfectly clear airway to a patient premedicated with 
atropine is as undesirable as is usually suggested 

Any asthmatical subject whet^r tn_M attack, or not should be 
liberty jirem^icatTJTnth morphia Even m a normal patient the 
use of the barbiturate? maybe fobowed by a narrow mg of the bronchial 
and bronchiolar lumina \\ e have seen a case of acute oedema of the 
lungs following a few hours after the administration of a barbiturate 
as the sole an«esthetic for an apjiendicectorny m a youth whom we 
had not known to be an asthmatic subject Postural drainage and 
penodical suction through an endotracheal tube were instituted early 
and recovery followed 

CARDIAC FAILURE 

The patunl u.tth an inadequate ctrciilaUon due to cardiac failure 
wnsf not be si hjecled to a noxia The mere presence of abnormal sounds 
of V alvular ongm is of little importance \\ hat matters is the efficiency 
of the heart muscle A heart may hj*pertrophy and compensate for a 
valvular lesion nhilst a patient recuperating from a debilitating 
illfiesi- such as influenza may have a grossly impaired cardiac mus 
culature of which no evidence can be found with the stethoscope The 
cardiac musculature of a normal individual is well able to withstand 
a «;urpnsing degree of anoxia but the intolerance of the failing or the 
flabby heart even to a very small reduction of the oxygen intake is 
equally striking If ni trous oxide is used for patients with inadequate 
circulation the oxygen c^eni thejmxture-must 4iof be reduced 
below t! at in atmospheric am The anxsthetic effect of this weak 
\jO O2 mixture can be reinforced by premedication with morplin or 
with pentotf a^ or by simultaneous a^nuiistration of ethyl chloadc 
in small doses Ejhen^s not contra indicated in fact if a long or 
tieep amesthesia is required it is fhe amesthetic oT choice since it 
can be administered with a high percentage of oxygen 

Occasionally NjO may be given to a patient in whom degeneration 
of the myocardium 1 as not been suspected or recognised When the 
Of content of the mspired mixture is reduced the blueness of the 
cheeks tikes on a waxy appearance The colour heks the Imdity 
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of the cyanotic patient vnth a strongly beating heart Unless Oj is 
given the colour changes to grey and rapidly becomes ashen Respi- 
ratory effort also fails, so that if O 2 is to be effective it must be given 
rapidly Besides these colour changes any change in rh 3 rthm and 
volume of the pulse can be appreciated if the anesthetist accustoms 
himself to keeping one finger on the pulse at the faaal, temporal or 
carotid artenes 

Hyperpiesia 

ilost anasthetics cause some fall of blood pressure ThL s_is p arti 
cularly noticeable mtb i ntravenous barbiturates and avecti n \Vith 
mfrous oxide, a shght rise occurs in the early stages if an asphyxial 
element is introduced Profound asphyxia resu lts m a fall of blood- 
pressure, which is quickly corrected by the administration of oxygen 
The early nse of blood pressure m nitrous-oxide anaesthesia has 
led to an impression that this gas is contra indicated for patients 
with high blood pre^ure ^ We are satisfied, Irom practical experience 
liT many thousands of cases managed b> ourselves and hospital 
colleagues, that no harm has followed the u<^e of mtrous-oxide anss 
thesia, although many of the patients are known to have had high 
blood-pressures Nevertheless, m dealing with a hyperpietic patient, 
any factor which may raise the blood pressure further should be 
avoided as far as possible 

ANiBMIA 

{See also pp 56 and 73) 

Patients suffering from ansmia, shock, or long-continued sepsis 
may be considered together Although di'mussed m this chapter, in 
reality they should be grouped under the heading " the more easy 
patient ” Compared with the doses one is accustomed to administering 
to normal patients, appreciably smaller doses of any anesthetic will 
produce satisfactorj' and often deep anaesthesia in these patients who 
are susceptible to any aniesthctic, and as such are s uitable subjects fo r 
nitrous oxi de Any difficulties which may arise dunng nitrous oxide 
anaDSthesza are created by the anJBstheti>t e\pecting from them the 
responses usuall 5 ' shown by normal patients 

PATIENTS CONFINED TO BED 
When for dental extractions it is necessarj' to anassthetise a patient 
in bed, certain additional difficulties have to be overcome To be 
accessible to the dentist the patient should be moved to the edge of 



12'' ESSENTIALS OF GENERAL ANiESTHESIA 

the bed and the bed pulled away from the wall so that the ancesthetist 
can stand behind and support the head WTien the patient is recura 
bent there may be difficulty in mamtainmg a clear airway owing to 
the greater liability of the tongue to fall or be pushed backw’ards 
There is an increased danger of the intrusion of a foreign body into the 
air passages If anas&thesia is light blood or mucus gravitating 
baclavards will imtate the poslenor pharyngeal wall and make the 
patient restless 

EPILEPSY 

Epilepsy IS not a contra indication to any form of general anjes 
the^a We have seen only one attack m any way connected with 
anesthesia and that was on recovery from nitrous oxide used for 
dental extractions If a patient is known to be an epileptic. itAv ouId 
be advisable to premcdicate him with luminal or morphia 

INSANITY 

Induction of anesthesia in an insane patient may sometimes be 
difficult if he IS nervous or uncontrolled but once anesthesia has been 
attained he is no more difficult than the normal subject If a good 
vein is available we recommend that the patient s arm be steadied if 
necessary bj force whilst _anesthgs»?« >nd iigpd by pentothal If n 
patient is turbulent and it is necessary to use an inhalation anesthetic 
for induction ethvl ch loride, owing to the rapidity of its action wiD 
be found the most humane 

Occasionally the adnnnistration of an anesthetic is said to be respon 
sible for the exa e e r batioaol a psychosis or even for its onset There 
IS no evidence that an anaKthetic per sc is ever the responsible factor 
but the mental stress associated with fear of anassthesia and an opera 
tion m an unstable’ indmdual may precipitate a breakdown Per 
manent cerebral degeneration has followed prolonged aniesthesia with 
nitrous oxide in which oxygenation has been inadequate* These 
tragedies do not incnminate the anicsthetic itself but its injudicious 
u«e Similar changes can be produced by simple oxygen depnvation 
if continued for a sufficient length of time 

CLAUSTROPHOBIA 

The anaesthetist occasionally has to deal with a claustrophobic 
patient who is temfied when a mask is placed over his face This 
difficulty can be successfully overcome by inducing aniesthesn with 
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pentothal or avertin so that the face mask or nose-piece is appbed 
only after the patient has become unconscious 

PATIENTS WITH CLEFT PALATE 
Patients wnth cleft palate present no special anesthetic difficulties 
for general surgery or even for ear nose and throat surgery for 
which an oral endotracheal tube la inserted For nitrous oxide given 
in the dental chair hovte\er a difficulty is encountered in that the 
patient cannot breathe through the nose when the mouth is propped 
open Anaesthesia here should be induced wth either pentothal or 
ethyl chlonde and then a nose piece apphed and nitrous oxide gi\en 
Although anaesthesia camnot be mamtamed indefinitely, it can at least 
be prolonged if nitrous oxide is supphed under moderate pressure 

STATUS LYMPHATICUS 
This subject is discussed m Chapter XIII 
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CHAPTER XII 

CHILDREN 

Although the drugs used to produce anaesthesia and the methods of 
their administration are the same for children as for adults, there 
are different indications lor their use The problems of aniesthesia 
m dentistry are simplified in that extractions are usually easy, and 
because children have not yet developed the habits and indulgences 
of later life which lead to resistance to anresthesia Nevertheless, 
children present difficulties all their own 

Intelligent co-operation, which plays a large part in successful 
anesthesia, particularly in the dental chair, cannot be e>:pected from 
the very young, nor from the spoilt child A harassed mother may 
communicate her fears to the child and make him a correspondingly 
more difficult patient Since children under seven or eight years of 
age over-react to a diminution of oxygen-intake the admmistration of 
nitrous oxide to them is often exceedingly difficult It is a well known 
clinical fact that if amesthesia in the young unpremedicated child » 
established by nitrous oxide^ it is seldom possible to give sufficient 
oxygen to inhibit the jerky muscularmovements^resembhngthe jactita- 
tions of the deeply cyanosed adult, without hghtcnmg anaesthesia so 
that the patient responds to surgical stimuli These movements may 
involve the arms, legs, shoulders, and back to such an extent that 
operating becomes almost impossible Numerous explanations, none 
of them entirely satisfactory, have been given to account for the early 
onset of these asphyxial movements in childhood Since the spinal 
relieves are known to be augmented dunng asphyxia, the instability of 
the nervous system in the very’ young is as good an explanation as 
any other 

If the child is being anssthetiscd for the first time, the credit or 
blame for the mental impression created must belong in great part to 
the anaesthetist Basal anaesthesia provid es suchjupleasant transition 
to unco nsciousness that it is specia’ffy indicated lor ^ffdren, althoug'fi 
at present not used aTmuch'as jt shouId"be For a nerv ous child who 
has not been an.Tstheti«ed before it is ideal because it leaves on!} a 
pleasant memory of the onset of unconsciousness, while the confidence 
of a child w ho has had a prev mjus unfortunate experience of anesthesia 
often can be regained by employing basal ana:sthesja 
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It IS a mistake to restrict the use of basal anzesthesia m children 
solely to major surgery Unfortunately there are general prac 
titioners who ndicule the idea of taking the trouble of giving a basal 
an^thetic for a tninal operation They do not appreciate sufficiently 
that a child, particularly if he has had a previous unpleasant expenence, 
IS less concerned wnth the nature of the operation than with the temfy- 
mg prospect of being rendered unconscious This applies equally to 
many adults 

For a particularly difficult child the advantages of basal amesthesia, 
even for minor dental suigery, should be discussed with the parents 
The mother should be made to realise that although an inhalation 
angebthetic can safely be forced on an unwilling and resistant child, 
he may suffer psychological trauma and that the responsibility fox 
this ivould be hers Psychological disturbance can be entmely avoided 
by the use of a basal ansesthetic, and this should be advised if the 
parents are willing and^ble to bear the extra expense 

The ^spoilt child is often one whose teeth have been neglected 
The dentist may not have had an opportunity of exammmg the mouth, 
or he may have been able to conduct only such a superficial examination 
that he could not decide which teeth could be saved and which were 
beyond savmg Any necessary dental treatment, including examina- 
tion, conservative work, and extractions can be finished m a single 
session under basal aniesthesia continued by endotracheal inhalation 
anjesthesia Further, the operation can be performed satisfactorily at 
the child s home 

The successful adnunibtration of a basal anasthetic depends as much 
on the tact of the nurse as on the type of child It is common for 
the mother to give her opinion that the child will object to a rectal 
injection more than to an inhalation anasthetic, only to find later 
that It has been accomplished without protest 

For basal anaesthesia m children avert m a nd paraldehyde^ ich has 
-Its supporters We prefer the former, posslbly uierely-because we 
have had more expenence ivith it The technique of administration 
and dosage are discussed in the chapter on " Premedication" (p 102) 
Nembutal by mouth (p 104) is an alternative to a\ ertm and paralde- 
hyde by rectum, but the certainty of success is not so great However, 
if all concerned co operate well there is every prospect of a ‘^tisfactory 
result 

Ideally the baSal anaesthetic should be given at the child s usual 
bedtime, so that hto day may be mterf«-ed with as httle as possible 
If the house is in a turmoil about the operation and if the child s 
usual routme is disturbed for example, if he is put to bed early, his 
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gastnc functions may be upset The last meal of the day should be 
a light one taken t^' 0 or three hoars before the basal an^thetic The 
tunmg of the operation to correspond with the child’s bedtime may 
give inconvenience to dentist and anasthetist, but it plays a consider- 
able part in minimising the child's suspicions and so contnbules to 
the success of the operation 

If the basal anjesthetic is to be administered rectally, this is done 
about half an hour before the operation is due, and the room is kept 
qmet and darkened until the child is unconscious If nembutal by 
mouth 15 decided on it is mixed with honey and orange juice and should 
be given by the mother or nurse half to three quarters of an hour before 
the child s usual bedtime He is then aOowed to play about as usUal 
under supervision M’hen he shows signs of drowsiness he can, without 
difficulty, be persuaded to he down, when someone may read to him 
As soon as he is asleep, he is undressed and put to bed The inhalation 
anesthetic should he commenced any tune uitjim the next half hour 

The dentist and anesthetist, with their apparatus, remam out of 
sight in an adjoinmg room until the child is unconscious After 
anesthesia has been deepened by an inhalation anesthetic, an endo- 
tracheal tube ts passed and anesthesia maintained by nitrous oxide, 
with the addition of ether if nece«sary After the larynx has been 
packed off, the dentist can make a thorough exammation before pro- 
ceeding with the necessary work E\en if conservative dentistry only 
is to be performed, the larjux must be packed off to prevent tooth 
fragments or amalgam from bemg inhaled A considerable time must 
be allowed for this type of operation, for it the mouth is m bad con- 
dition the dentist may require two to three hours He may drill a 
tooth for many minutes only to find that it is beyond repair and must 
be extracted Teeth which have been drilled should be filled, and the 
whole mouth put m order at the one sitting 

Wben the operation is over, the nurse should remain with the 
child at least until he has recovered consciousness, and it is best for 
her to remam throughout the night Provided the child is not m pain 
the ana?sthe«ia will merge smoothly into natural sleep, and when he 
wakes on the foUowmg morning he will be unaware that anj'tlimg 
unusual has happened and may be allowed to pursue Ins normal day's 
routine 

Unless basal anajsthesia is to be used, the child should always be 
told beforehand that he is going to have an amesthetic The ambula 
torj child patient for dental surgery should be mformed of this before 
he actually arrives m the surgerj’.but not too long beforehand, or he 
may worry about it, even though he doranot talk about it Such fear 
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may disttrrb digestion, and the child may come to the surgeiy ^nth a 
full 'stomach because food taken hones earlier has not been digested 
It IS equally mistaken not to tell a child anything of m hat is to happen 
until he arrives in the dental surgery, since he may then fail in the 
future to have confidence in the dentist and aniesthetist He should 
lead as normal a life as possible until an hour or so before the anzestbelic, 
and on his ■nay to the surgery should be told that he is going to have 
some teeth out, but he \viU not feel anything of it because he nnll be 
en) 03 ring a pleasant sleep 

On arrival the patient should always be given a chance to empty his 
bladder, smee mvoluntary mictuntion is commoner m children than in 
adults 

It IS generally advisable to persuade the mother or guardian to 
leave the surgery before the anaesthetic is started, smee the child mstme- 
tively seeks maternal protection, and may cry and sob as long as the 
mother is present Very often w hen she leaves the room, the previously 
unmanageable patient submits to treatment without any more ado 
After the operation it is often helpful to allow the mother to come back 
and comfort the child while he is recovenng from the anaesthetic 

The choice of an anaesthetic for dental smgery for a child is deter- 
mined by the degree of co-operation which can be obtained, by the 
difficulties of the extractions, and by the parent’s insistence on remam- 
mg m the room If the parent remains m the room, not only is the 
cliild less likely to settle down, but he may be penalised by the necessity 
for considering the mother’s feehngs , for movement or moanmg of the 
child dunng a light but adequate anaesthesia may make it difficult to 
convince her that he is not feeling pain so that she may famt or mter- 
fere wath the dentist dunng the extractions, or may afterwards tell 
the child she is sorry he was hurt The deeper and more tranquil 
anaesthesia obtamable by the addition of ethyl chloride will avoid 
such comphcations This can be done convenientlj bj giving N^O 
nasallj and at the same tune covering the mouth with the upturned 
ivi* 42 p }£&} ihffetbyi is Sieas 

small amount of ethyl chloride prevents or abolishes these movements 
or noises Tlie child may paj, however, for the parent's peace of 
mmd by not feelmg so weU afterwards as if NjO alone had been given 
The presence of the parent may even lead to a decision to use eth>l 
chlonde or vmesthene as the sofc anaesthetic, partly because the anaes- 
thesia IS tranquil and partly because c>'anosis and jactitation wall be 
avoided The mother will be reassured by the unchanged colour of 
the child and by the resemblance of respirations to those in sleep 
Tortunatelj , extractions m children are generally simple so that 
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Is often adequate If however perfectlj tranquil anesthesia 
for a feu minutes is demanded nitrous oxide should not be chosen 
for a very young or obstructive ^»tient It is impossible to persuade 
such children to breathe through the nose and the use of a mouth 
piece to give the gas through the mouth is unsatisfactory because Us 
neces anly tight application is fnghtemng and often difficult when 
the child u. throwuig his head from side to side In such cases ethyl 
chlonde or vanesthene should be used They have the advantages 
that either can be admmistered with ease even when the patient is 
obstreperous that anaesthesia is quickly established and that the 
operating conditions afforded are entirely satisfactory We have 
eometimes used mtravenous aniesthesia m children as young as 5 
but its use in the young is limited because there is often not a large 
enough vein into which the solution can be mjected and because the 
child often refuses to keep his arm still 

Ilben there is only one tooth to be extracted and the case is simple 
a few seconds unconsciousness suffices In such cases it is immaterial 
whether nitrous oxide ethyl chlonde or vmesthene is chosen since 
with the very small amount necessary the patient wakes immediately 
without unpleasant after effects 

It IS important to remember that the prospect of repeated an®s 
thesia commends itself even less to a child than to an adult and that 
it IS generally adv isable to finish all necessary extractions at one sitting 
if possible Although a child may be coaxed mto facing one or pos- 
sibly two sittmgs he cannot reasonably be expected to co operate in 
three or four 

A child should not be burned and if he is co operative every thing 
should be explained to him and nothing forced on him unexpectedly 
Even a few mmutes unhumed chat with an averagely intelligent 
child will usually secure ht. co operation and make it possible to 
admmistcr nitrous oxide nasally 

For a very small child the head rest should be taken off and the 
nape of his neck rested on a cushion on the back of the chair The 
child can be raised the required amount by seating him on telephone 
directones or cushions placed on the chair (fig 40 p 158) 

Every anaesthetist has his own tncks for inducing an effective anaes- 
f??erta pJessandy For example if mtrous oxide xs fo be given fo a 
boy he can be sliowm the rebreathmg bag and told to blow it up like 
a football m as fgw breaths as possible but entirely through his nose 
and that we would hke him to beat the previous record of ten breaths 
A prize may be offered as an incentive* As he expires through Ins 
nosC he is encouraged bv the administrator counting his expirations 
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aloud If the patient expire through the mouth the anaesthetist at 
once says We can t count that you know 

Children who have been dreading the anesthesia and yet have been 
plucky enough to conceal them fears are often difficult particularlj 
under NjO ]ust as consciousness is being lost Then there mav be 
restlessness until anesthesia is fully established and an apprehensi\ e 
child may even vomit food eaten several hours before Wammgs that 
vomiting may occur are slight irregularity of breathmg pallor and 
swallowing or retching If vomiting occurs before extractions are 
commenced it should be allowed to finish and the aniesthetic and 
operation can then be contmued as descnbed on p 20S 

If the child Is unwillmg or unable to co operate and if it is desired 
to proceed at once with the operation the easiest method of anasthetis- 
ing him IS to spray ethyl chlonde over an open mask or over the up- 
turned bib adjusted over his no»e and mouth (fig 43 p 161) 

If it IS thought undesirable to place the patient in the dental chair for 
theinduction of anaesthesia the dentist (or nurse) can sit on a settee orthe 
dent al chair and take the child 
on his lap His sole function 
IS to hold the patient 
wnsts so that the hands 
cannot puU the mask away 
from his face The child may 
kick and damage the shins of 
the person on whose lap he is 
sittmg but this can be easily 
avoided if the holder en 
circles the patient s legs with 
his own The patient held in 
this way can move only his 
head which can be followed 
easily by the anjEsthetist and 
the patient soon rendered 
unconscious When this 
stage IS reached he is earned 
and placed in the usual 
position in the dental chair 
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CHAPTER XIII 

STATUS LYMPHATIGUS 

Statics Ijmphaticus was first described m modem medicine in 18S9 by 
Paltauf '■ syndrome characterised by an enlarged thymus gland, 
generalised lymphoid hyperplasia, vascular hypoplasia, and a suscep- 
tibility to sudden death from trivial causes In fatalities which have 
been attnbuted to this syndrome almost invanably the patient has 
been a child *' which at first sight one might be tempted to call a 
fine child but quahfie'i the praise, adding ‘ rather pasty perhaps '' * 
During an operation, howeier slight thu may be, e g for removal of 
tonsils and adenoids, or even late in induction, he is noticed to be 
pals , he soon stops breathing and, unless resmcitative measures are 
instituted immediately, he dies At the subsequent investigation the 
anesthetist states that he has given the anesthetic m his usual 
manner The autopsy reveals no abnormality beyond hyperplasia 
of the thymus gland and lymphoid tissue generally These findings 
are considered by some pathologists and coroners to provide a sufficient 
explanation for death under anaesthesia, and as exonerating the 
anesthetist from any responsibility for the death 

In 1926 a committee was set up by the Medical Research Council 
and the Pathological Society of Great Entam and Ireland to enquire 
whether any such condition as status lymphaticus really exists 
Examination of the available statistics, taking into account the normal 
limits of the weight of the thymus at different ages, showed that in 
the twenty three cases analysed of death during anaesthesia or as the 
result of shock, the thymus could be considered abnonnally large in 
only four, and even m these four there was no satisfactory proof that 
the large thymus played a part m accounting for the deaths No 
correlation was found between the weight of the thymus and the 
amount of lymphatic tissue elsewhere m the body Tlie Committee 
concluded* that there was no evidence that status lytnphaticus 
CMsts as a pathological entity 

Tlie \iews expressed in the prexious two paragraphs are irrecon- 
cilable We should not be justified m expressing an opinion on 
pathological findings, but we tbuik it proper to make certam observa- 
tions on the clmical reactions of children to anaesthesia based on our 
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expenence of many thousand anaesthetics given to children for dental, 
and for tonsil and adenoid operations 

It js unprofitable to attempt to prove a negative, but if by the term 
“ status lymphaticus *’ is implied a condition m which the admmistra 
tion of an aniesthetic tnevttobly causes death— an impression so 
frequently conveyed by the coroner's verdict — then m our opmion 
no such state exists Nevatheless, some children die as a result of 
shght traumatic or psychological insults ^^hlch Would have httle or 
no effect on others This category would include the rare instances 
m which death is alleged to be due to operative shock under light 
anesthesia We ourselves have no first-hand knowledge of such cases, 
but as anesthetists we recogmse a siaius pencuhsus in which the 
child shows a susceptibihty to the depressant effects of anesthetics 
which amounts to an idiosyncrasy With this child a little anesthetic 
goes a long way , what would be a safe amount for a normal child, dor 
him may prove rapidly fatal We have seen about twelve cases of col 
lapse early m anesthesia m such children, where the prompt institution 
of treatment brought about recovery and permitted the completion 
of the operation We fed, however, that if death bad occurred m 
any of these cases "status lymphaticus ’ might well have been 
diagnosed, and that the ansesthetist would have been exonerated from 
any blame Although these twelve cases had certain characteristics 
in common, we are not able to desenbe them as a chmeal type in which 
abnormal reaction to anassthesia can reasonably be anticipated, because 
a very large number of children with apparently similar characteristics 
do not show this idiosyncrasy Our outstandmg impression of the 
twelve children is that they exhibited an immoderate docility These 
children who " show no fight " must be aniesthetised with extreme 
care The reactions which commonly occur during the induction 
penod are not seen Instead of flushing, pallor is remarked , respira- 
tion IS shallow and regular from the b^mning , resistance is stnkingly 
absent , and there is an almost imperceptible merging into unconscious- 
ness, which supervenes after an unu-ually small amount of an£esthetic 
has been given This sudden and unpredictable response to a small 
dose of aniesthetic may easil) be overltKiked. and a small additional 
amount of anresthetic results m extreme loss of muscular tone accom- 
panied by wide dilatation of the pupils We behev e such a patient 
can be anaesthetised vnth safety provided the amount of anaesthetic 
administered is carefully limited to the quantitj required for the 
satisfactory performance of the operation, and we consider that when 
death occurs it is due to the effect of an overdose of anesthetic upon 
a susceptible patient 
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Since this undue sensitivity toansesthetic agents produces a liability 
to overdosage, it is imperative that the anresthetist understand what 
measures are to be taken should respiration fail These are the same 
as in any other case of respiratory arrest under an^thesia, namely, 
provision of an absolutely clear airway, the mstitution of artificial 
respiration, and administration of oxygen This treatment, applied 
promptly, w^Il save hfe m those cases m which a large overdose of 
anccsthetic has not been given 

It IS our opinion that m deaths under ana:sthesia the amestlietist 
is more responsible than either the drug used or the pathological 
condition of the patient (always excepting the unusual emergency 
where the patient is puLeless and practically moribund before anaes- 
thesia IS begun) The following facts support the validity of this 
point of view even when applied to ca'es where an idiosyncrasy to 
anjesthetics admittedly exists (i) Verdicts of status lymphaticus ” 
have been brought in as an apparently satisfactory explanation of 
death under anesthesia in children who have previously withstood 
successfully the effects of an operation under general ana»thesia 
(u) Often when a child has collapsed under anasthesia the operation 
has been abandoned solely through fear that he was tn slaliilympftaltco 
and therefore that death probably would occur if the anesthetic were 
continued In some of these cases, operation became imperative and 
a second anesthetic given a few days later has been entirely successful 
(lu) We have not heard of an anaesthetist in w hose practice has occurred 
more than one death attributed to this cause Such unfortunate 
coincidences, no doubt, have been recorded but the general failure of 
individual practitioners to encounter repetitions of this catastrophe 
appears to mdicate that the expenence gamed m dealing with one case 
confers upon the aniesthetist the ability to avoid recurrences But the 
admission that death from status lymphaticus is avoidable destroys 
the V ery argument upon which behef in tlie existence of such a con- 
dition rests (iv) Koutme autopsy upon the victims of accidents 
where the extent of the injunes (e g ruptured hver) would have made 
death inevitable m the most robust individual has occasionally dis- 
closed a degree of lymphoid hyperplasia greater than that upon which 
a verdict of " status lymphaticus " has been founded in cases of death 
under anasthesia Nevertheless, on enquiry many of these mdivnduab 
in whom lymphoid hyperplasia t» revealed by chance are found at some 
time or other to have negotiated successfully the hazards of ana^thesia 
and operation without exhibitmg an undue tendency to succumb to 
-either 

In a large percentage of all cases of death under anaisthetics, 
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autopsy fails to reveal any cause for death In death from overdone 
of an anzesthetic, for example, there js no diagnostic autopsy finding 
The coroner finds his task simplified if the pathologist can state that 
the autopsy revealed a definite condition which could account for the 
death, and hyperplasia of the lym|fiiatic system is at present accepted 
by many as one such condition Partly because of his desire to report 
some positive finding, partly because of his sjunpathy for the anzec- 
thetist, and partly because of public policy, a pathologist may diagnose 
' ‘ status lymphaticus ’ * when no convincing explanation for death is found 
This diagnosis which zn some quarters has now come to carry ivith it 
the suggestion that death W’as inevitable and that no one was to blame, 
may serve a useful purpose for the reasons indicated, but it must not 
be overlooked that in these cases a detailed ansesthetic history of the 
sequence of events prior to death is far more illuminating than the 
most searching autopsy 

According to Greenwood,* the deaths now ascribed to status 
lymphaticus "would m more pious but not more superstitious days 
have been attributed to the visitation of God,” a verdict which he 
suggests would be " at least as scientific as and more modest than 
'status lymphaticus ' ” To this opinion we add our suggestion that 
deaths under anzesthesia attributed to status IjTnphaticus may well 
be due to nothing more nor less than overdosage in a susceptible 
patient 
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CHAPTER XW 

PREPARATION FOR OPERATION 

Before a minor operation it is desirable, and before a major operation 
essential, for a patient to receive treatment which will reduce his 
apprehension and appreciation of the prclirainanes of ansesthesia, and 
make hun a suitable subject both for aniesthesia and for operation 
The degree of preparation depends on the nature and extent of the 
operation to which the patient is to be subjected, and on the antsthetio 
chosen Premedication, an impiortant feature of the preparation of a 
patient, is dealt wnth elsewhere Although for the ambulatory patient 
little or no preparation may be actually necessary it will make anes- 
thesia more tranquil, and at the same time make recovery less un 
pleasant For the hospitalised patient pre operative preparation is a 
matter of routine 

THE AMBULATORY PATIENT 
For nitrous oxide anaesthesia and a tooth extraction of average* 
difficulty, the average patient requires no physical preparation at all 
The more abnormallj resistant the patient and the longer the period 
for which anasthesia is expected to be necessary, the more important 
does It become to prepare hun for the occasion The sedative drugs 
'suitable for the ambulatory patient arc d:«cus«:ed on p 93 Purgation 
IS neither necessary nor advisable UnJortunatelj the old fashioned 
prejudice in favour of starvation before anjesthesia still persists, and 
the patient may, in consequence, come to the dental chair weak from 
lack of food In the ambulatory patient starvation is, in fact, a much 
more frequent cause of post-operative complications such as nausea, 
retchmg. faintness, or collapse than is the presence of food in the stomach 
at the time of operation The patient therefore should take an 
average meal three or four hours before operation and if apprehension 
has been prevented by appropriate premedication, digestive activity 
will continue undisturbed, and the stomach will be emptj by the tune 
the operation is due If this period of abstinence from food must be 
exceeded, some sugar-containing food should be given two hours 
before operation , for example, a cup of tea containing three or four 
lumps of sugar Altemativ cly, an ounce of barley sugar or half a glass 
of orange juice may be taken. 
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Many dentists and anastheiists consider that the taking of certain 
articles of diet predisposes to post operative vomiting Even milk, 
beef tea, or ’some equally mnocuous food may be prohibited because 
post operative vomiting has occurred on some previous occasion, 
although adequate enquiry in all probability would have reiealed 
that the patient had been abnormally apprehensive Instead of 
banning any such item, it is more rational to arrange for pre operative 
treatment calculated to allay the nervousness which is responsible for 
a derangement of normal digestive function and a tendency to post- 
operative s omitmg 

Such preparation is espeaally necessary for a patient \vith a history 
of having vomited previoudy after nitrous-oxide anasthesia If on 
a second occasion special care is taken to allay apprehension, it is rare 
for vomiting to occur 

One of us was called in to anaesthetise a nervous, woman who 
gave a history of vomiting after gas The patient was first seen 
in the dental surgery, and there was therefore no opportunity to 
premedicate her Aniesthesia inth nasal nitrous oxide was short 
and two teeth were extracted After recovering consciousness 
the patient vomited a small meal taken six hours previously To 
prepare her for a further tooth extraction the following week she 
was given a prescnption for a mixture containing chloral hydrate 
5 gr and potassium bromide 10 gr to the ounce of peppermint 
water She was instructed that on the two days preceding the 
next anesthetic she should take one ounce of the mixture three 
tunes a day after meals With this premedication the next 
session passed off uneventfully 

THE HOSPITALISED PATIENT 

It IS often difficult, particularly for a dental operation to persuade 
the patient to enter the hospital or nursing home even for one night 
beforehand, and frequently he is admitted about lunch time for 
operation m the late afternoon Expenence shows that the longer the 
patient spends in the mstitution prior to operation, the smoother is 
the period of anesthesia and the more rapid the convalescence Apart 
from the considerable advantage conferred by the rest, the patient 
benefits from being given correct diet and appropriate sedative drugs 
Before minor surgery or major dental surgery, if the patient 
IS not constipated neither a purgative nor an enema is necessary, but 
if constipated he should be given an enema in the early mommg on 
the day of operation No special diet is necessary bej ond the regime 
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to which a poor sailor would subject lumself before facing a rough 
sea-crossing The patient may lia\e a light supper the night before 
operation and if this is timed to take place m the morning about three 
hours previously he can take lor breakfast a cup of tea well sugared 
and a piece of bread and butter If the operation is timed for the 
early afternoon he can have an ordinary light breakfast and a cup of 
tea or «oup in the middle of the morning A sedative (e g luminal 
i gr ) should be gi\ en on the evening before operation Pre operatu e 
medication on the day of operation is discussed on p 93 et seq 

For a major abdominal operation the patient should be in the 
nursmg home for the two previous nights Extensive pre-operative 
purgation and starvation are now things of the past The modem 
custom lb to give a mild apenent preferably one to which the patient 
is accustomed on the evening of the day but one before operation 
and a soap-and water enema early on the morning of the day of 
operation 

A sedative should be given on each of tl e two evenings before 
the operation on the first evenmg aspinn lO gr or Jummal J gr and 
on the ncAt a more powerful one (medinal 10 gr or nembutal 3 gr) 

On the day before operation the patient should have chicken or 
fish for the main meal in the middle of the day and a light evening 
meal If the operation is to be in the morning a cup of tea can be 
given at 7 a m and if m the afternoon the patient may have another 
dnnk m the middle of the morning 
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CHAPTER XV 

BARBITURATES 


Barbitueic acid compounds, first synthesised in 1902, have contmued 
to mcrease in populanty as h 3 ?pnotics Barbitone, better knowm as 
Veronal, was the first with which success was achie\ed Its chemical 
formula is 



the es«ential malonyl urea radicle of barbitunc acid bemg represented 
as ” B ” By the substitution of other groups for one or both of the 
CjHs (ethyl) groups of veronal, new barbiturate hypnotics have been 
produced Tor example phenyl ethyl barbiturate, the well-known 
drug the propnetary name of which is Lummal, has the formula 


C,H, 

CjHs' 
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The barbiturates are sedatives, but since the potency, sites of 
action, and rates of absorption and excretion of different members of 
this group of compounds vary considerably, there are correspondingly 
marked differences m their pharmacological actions For example, 
veronal, because it is only slightly soluble in water, is therefore slowly 
absorbed and has a correspondingly delayed action On the other 
hand, medmal, a salt of veronal and much more soluble in water than 
the latter, is more rapidly absorbed, and because of its quicker action 
has become more popular than veronal Both these drugs are typical 
<?/ the “ Jarg’-sctitTg bsrbttaratfs ” because cf tbew skfir 

excretion The number of barbiturate compounds now m use is 
great, and discussion of them is comphcated by the confusion 
which has arisen because different propnetary names have been 
given to drugs the actions of which are clinically indistingliishable. 
In fact, in some cases the same barbiturate manufactured by 
different commercial houses is known by different names , for 
instance, phenyl ethyl barbiturate can be purchased either as Lummal 
or as Gardenal 

Greater structural alteration than had previously been made in 
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the substitution groups resulted in the production in 1928 of Sodium 
Amytal, and m 1930 of Nembutal in America and of Pemocton in 
Germany These are very soluble in water, and their administration 
intravenously leads wthm a few imnutes to unconsciousness Each 
of these short-actmg barbiturates soon became popular as a basal 
anesthetic, but low therapeutic quotients (p 17) render them un- 
suitable as sole anaesthetics for the production of general anassthesia 
Further, they are slowl} excreted, so that even after their use as basal 
anjesthetics, return to consciousness is delayed for tuo to three hours 
longer than if they had not been given Even for production of basal 
anesthesia these drugs have now been largely superseded b^ the 
ultra-short-acting barbiturates 

Evipan,* the first of the ultra-short acting barbiturates, introduced 
in Germany in 1932, uas followed by Pentothal, a thio barbiturate 
(sulphur-containmg barbiturate) from Amenca in 1935 These 
drugs are extremely soluble both in water and in lipoids, and the 
therapeutic quotient of each is high They can be given by mouth, 
but because there are marked \anations in the rate of absorption 
from the alimentary tract in different individuals and m different 
circumstances, the intravenous route is safer, more accurate, and more 
rebable Drowsiness, sleep, or anxsihesia of varying degree results 
according to the dose injected 

Pentothal is a more satisfactory drug than evipan, m that its use 
15 not accompanied by the slight muscular twitchings occasionally seen 
dunng enpan anssthesia Moreover, pentothal produces greater 
muscular relaxation and more peaceful anaesthesia However, it 
causes a greater depression of the respiratory centre than does evipan, 
and if a solution of pentothal is in error deposited extravenously, the 
local tissue reaction is more severe than after the same accident with 
evipan Except for these differences, the actions of these drugs are 
so similar (although pentothal is rather more potent than evipan) that 
we shall refer only to pentothal, but observations on it can be taken 
as applying equaUy to both 

PENTOTHAL 

V^’KC’iAVa.l Vi. V Stella, pon.'iw vr. teint’a.vrivrig 

0 5 or 1 gm Ampoules containing 10 c c or 20 c c of sterile distilled 
water are supplied separatelj ^\'hen water is added to it, tlie powder 
dissolves immediately The solution is unstable and should therefore 

• This drug K now made m t]us4»unti> and u available as various brands 
of hexobaibitonc. 
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be used wjthin two hours of preparation The strength of solution 
most commonly recommended is 5 per cent , but we have used 
solutions of strengths between and 20 per cent , and have 
observed no differences in the character of the resulting anesthesia 
nor m the incidence of post operative complications When the dose 
of pentothal is to be given qmcUy it is immatenal what strength 
of solution IS used, but if aniestbesia is to be continued for some 
time by intravenous injection, the use of dilute solutions makes it 
easier to control the dosage and so to maintain a uniform level of 
anesthesia 

The extreme ease with which the ultra-short acting barbiturates 
can be administered constitutes one of the dangers attendant upon 
their use, and should never tempt the operator to act as his own 
anesthetist , the safeguarding of an unconscious patient is a whole- 
tune responsibility When these barbiturates were first introduced 
the opinion ivas generally held that the simplicity of the technique 
of their administration would reduce the scope of the specialist 
anasthetist Experience has shown however that the use of these 
drags should be confined to those who have a sound knowledge of 
anss)thetic drugs and aniesthetic routine generally 

Pentothal may be given to a patient of any age but this is rarelv 
practicable in children under six both because their co operation is 
difficult to obtain and also because their veins are seldom large enough 
to enable an mtravenous injection to be given with certamty Although 
the production of the state of anaesthesia ivith pentothal is mvanably 
easy if it is possible to locate a vein mto which an injection can be 
given, the patient should not be promised this drug before it has been 
ascertained that his vems are suitable 

Pentothal given intravenously may be used 

1 . As abasal anesthetic before a major operation —The dose to 
he given depends on whether aniesthesia is to be continued at once with 
an inhalation agent such as ether, or whether the penod of basal anies- 
thesia has to be prolonged to allow the transport of the unconscious 
patient from liis bed to the operating theatre In the firs-t case 
0 3-0 4 gm will usually be found sufficient and in the second case the 
dose must be increased but should rarely exceed 0 7 gm 

2. As the sole anaesthetic for a prolonged operation This 
method of anresthesia has been prevented from becoming popular 
hy the difficulty of simultaneously superintending a contmuous m- 
traienous injection and maintaining a clear airway and because 
the rate of recovery of consciousness after large doses of pentothal 
IS slow 
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The total dosage of pentothal gjv'cn for an operation for 
appendicectomy i\hich lasted thirty five minutes iras 2 4 gm T\% o 
anesthetists -were present, one to gi\e the intravenous injection 
o^ er a penod of half an hour, the other to supenntend the aimay. 
In order to obtain muscular relaxation, the dosage given nas 
sufficient to produce noticeable respiratory depression at certain 
stages of the operation Tlie dow rate of recovery made it neces- 
sary for a nurse to be m constant attendance on the patient for 
fi\e hours after completion of the operation 

3. As the soleanaesthcticforashort operation — Theanassthetic 
technique here is usually easy generally the dose estimated to be 
necessary is given by the anzesthelist m a single injection, and imme- 
diately thereafter he devotes his attention to the maintenance of 
the amvay 

Anieslhesia produced m tins way is a contrast to that produced 
by inhalation agents in that the depth of anasthesia does not remain 
at a steady level It is at its maximum almost immediately after the 
injection and then becomes progressively lighter as the drug is 
eliminated 

Another disadvantage of this method is the necessity for calculatmg 
beforehand how much anaesthetic will be required for a given operation 
For this, the probable duration of the operation must be estimated, 
and the reaction of the patient to the drug must be anticipated If 
an incorrect estimate is made it may lead to the administration of 
too small a dose, in which case the patient will begin to recover 
consciousness before the operation is completed, or of an unnecessarily 
large dose, provuding adequate aniesthesia for the operation but 
inconv cmently dela5nng recovery For mstance, difficulties which will 
be encountered m a particular extraction maybe greatlyover estimated 

A colleague ashed to be anseslhetised with evipan alone for 
extraction of a tooth andwasgivcnScc of a 10 per cent solution 
(08gm ), It being estimated that the extraction viould taken seven 
oreight minutes The tooth, however, was out in a minute, but it 
was two hours before the patient had recovered sufficiently to leave 
the surgery If an accurate estimate had been made of the length 
of anaisthcsia needed, only half the dose administered v'ould have 
lieen given, and the patient would have recovered completely in 
20-30 minutes 

4. As a very transient basal anaisthetic preparatory to a 
potent anxsthetic such as ether for a prolonged operation, or 
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to NjO for a short operation such as a dental extraction — In 
descnbing the technique for the admimstration of pentothal ive shall 
deal with this latter use of it, which has a special apphcation to the 
ambulatory patient m the dental surgery There is here the additional 
problem of enablmg the patient to return home %vithm a short time 
after the operation is completed 

When a quick recovery is desired, it is our practice to inject rapidly 
the whole of the dose which we estimate wall be needed just to produce 
unconsciousness and immediately the latter is attained to apply the 
nose piece and to contmue anaesthesia wth mtrous oxide The dose 
vanes from 0 1 gm m the frail to 0 5 gm m the robust alcoholic patient 
It IS important to recognise that the anaesthetic effect produced by 
this dosage may be slight and in any case it will be only transient 
The amount given should be such that once it is mjected anesthesia* 
can be maintamed only by continuing at once with NjO given in the 
usual way, as though it had not been preceded by pentothal 

The opinion that pentothal has no place in the dental surgery 
because of the slow recovery, and because of the lowenng of blood 
pressure which large doses may mduce (particularly in patients m the 
upright position), is not now tenable ^ch of these disadvantages is 
avoided by the use of pentothal in small dosage given rapidly prior 
to anssthesia A pleasant induction to anaesthesia is assured, 
recovery is rapid, and when the patient aw'akes he is unaware of any 
feature of anzesthesia beyond the begmmng of the mjection 

The use of a prelimmary dose of pentothal is particularly \ aluable 
for the aniesthetic resistant patient In this case, sufficient should he 
given actually to assist the mtrous oxide anesthesia On an average 
0 3 to 0 5 gm of either pentothal or evipan is required and should 
be given moderately rapidly The nose piece is then put on and 
nitrous oxide admmistered After a dose of 0 3 gm given quickly 
to a powerful man, nitrons-oxide amesthesia can be continued in 
the usual way, and the effect of this small amount of barbiturate can 
be disregarded but when a larger dose is given, oxy^n deprivation 
should not be allowed On recovery, the patient should re&t until the 
effect of the anesthetic has worn off, usually about twenty minutes 
to half an hour 

Although recovery from pentothal is almost invanably peaceful, 
the aniesthetic resistant subject may during recovery go through a 
bnef penod of drunken aggres'uveness dunng which he has to be 
forcibly restrained 

The occurrence of vomitmg after average doses of pentothal is 
rare We have, however, encountered a few patients in whom the 
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injection of a barbiturate intravenously has been followed bj giddiness 
and bouts of Aomiting lasting lor long as twenty four hours 

Indications for the Use of Pentothal in the Dental Surgery 

In the great majority of patients for dental extractioas anaesthetic 
difficulties are not encountered but it is not sufficiently appreciated 
outride the dental profession that there is a small percentage of cases 
where the problem of anesthesia is by no means simple Difficulties 
which can be overcome by the use of pentothal as a transient basal 
anaesthetic anse in two totally different groups of patients The first 
is the amesthetic resistant group (p U3) m members of which even the 
expenenced anaesthetist does not find it easy to prov ide five minutes 
^tranquil anresthesia wnth N,0 alone With this gas conditions adequate 
for operation can often be achieved only by pushing the ansesthetic 
until a degree of anoxierma is produced which would be dangerous if 
It were maintained for any length of time or if it were increased A 
small dose of pentothal given intravenously before NjO anaesthesia is 
begun produces unconsciousness so rapidly that the stage of potential 
deltnum is passed through quickly enough to eliminate struggling 
during induction In addition the pentothal enables tranquil anxs 
thesta thereafter to be maintained with nitrous oxide 

Patients of the second group have a horror of inhalation antesthesia 
Aniesthesia here presents no technical difficulties and can in fact be 
achie\ed and miintamed with ISjO with ease but the patients suffer 
mental distress both before and after administration This group 
includes also patients who have to face a senes of aniesthetics and 
who instead of deriving reassurance from experience dread each 
approaching inhalation anfesthetic more than the last even when the 
adminiatration has been in skilful hands This reaction desenbed 
by older wnters as cumulative resistance to anaesthetics is 
psychological and can be almost entirely abohslied by the u'c of 
intravenous barbiturates 

It was necessary for a woman to have all her remaining teeth 
extracted and the work was planned to occupy five sittings over 
a penod of a month She was verj apprehensive before the first 
occasion but since pentothal was given pnor to nitrous-oxide 
anaesthesia the experience completely reassured her and slie 
approached with equanimity the subsequent sessions at which 
the same technique was repeated 

The following case in which pentothal was indicated but was 
refused bv the patient provides a coptnst to the case described 
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abo\ e A colleague in poor health had to undergo the extraction 
of a number of teeth at four sessions at weekly intervals He 
refused premedication and insisted that anaesthesia should be wth 
nitrous oxide alone Although aniesthesia was une\entful on the 
first occasion he disliked the prospect of its repetition On the 
second occasion m order to abolish his heightened reflexes a greater 
deg;ree of anoxaemia had to be induced than was previously 
necessary and there was some post anaesthetic coUap'^e The 
patient s dread the necessity for reducing the oxygen intake 
dunng anaesthesia and post operative prostration were still more 
marked on the third and fourth occasions 

It should be emphasised that m dentalanjesthesiafor theambulatory 
patient pentothal is indicated where anastheiic difficulties are antici 
pated and not for cases m which the difficulty is that of extraction 

Contra indications to the Use of Pentothal 

The short acting and ultra short-acting barbiturates are excreted 
or detoxified mainly by the liver and large doses should therefore 
be avoided in cases of liver deficiency Although it is highly improbable 
that the first two conditions described below as contra indications will 
be encountered in dental practice it is essential to include them at 
the head of the list since the use of barbiturate auasthesia in these 
cases may turn the scale against the patient 

1 Acute intestinal obstruction — The liver function is dis 
organised by the action of toxins absorbed from the obstructed bowel 

2 Jaundice — This condition is usually associated wuth gross 
disturbance of the liver function and should be regarded as a definite 
contra mdication to the use of pentothal \\e have however used 
the drug m very small doses without untoward effects but its excretion 
15 extremely slow A dose of 0 15-0 20 gm in an adult may produce 
unconsciousness lastmg for several minutes 

5 As the sole anmsrhefic for operations on the throat, 
and for operations in which the protective laryngeal reflexes may be 
ehcited as for example if a laryngoscope is to be used In our 
experience, the motor response to such stimuU is hyper active* dunng 
light barbiturate anasthesia and may lead to persistent and alarmmg 
laryngeal spasm 

4 Asthma — ^There i* expenraental evidence that a general con 
stnction of the bronchial musculature may result from the use of any 
barbiturate • » For this reason many regard these drugs as contra 
mdicated in asthma {p 120) 
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5 Anaemia, and marked debility — These are only rtlati\e 
contra indications Anjestheaa in such patients is produced wth only 
a small amount of any ansesthetic Doses of the barbiturates uhich 
would be correct for the average adult may be dangerously excessive 
for them and in any case will lead to post operative depression and 
delayed recovery The dose given should therefore be reduced to 
correspond to the patient s lowered resistance to anesthetics 

If these contra indications ate observed there is no need before 
inducing anesthesia mth pentothal to conduct any special phvsical 
exammation of the patient or to perform any particular tests bejond 
those to which he might be subjected before any other general 
anassthetic 

Technique of Administration of Pentothal 
II the operation is ior dental extractions a prop should always be 
placed in the mouth immediately before aniesthesia is begun 
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An assistant supports the patient s extended right elbow rvith his 
own nght hand, and with his left hand compresses the patient s right 
arm above the elbow tightly enough to prevent the return of venous 
blood (fig 2S) but not so tightly that the flow of artenal blood into 
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the arm is impeded The patient should clench his fist to assist in 
making the veins as prominent as possible 

Alternatively, the extended arm is supported by a pillow which 
resti on the arm of the dental chair To distend the veins a piece of 
soft rubber tubing is tied round the upper arm (fig 29) in such a fashion 
that It can be released simply by a pull on one end of it (A) The skin 
IS cleansed wnth spmt 

Figs 30 and 31 

Air must be expelled 
from the sjmnge before 
the needle is inserted 
into the vein 

Fig 32 

The synnge has an 
eccentric nozzle to allow 
the barrel to rest closely 
on the fore arm so that 
if the patient moves his 
arm the relation of the 
needle to the \em will 
not be disturbed The 
needle is almost parallel 
to the vcm, and before 
the skin puncture is made the vein steadied m position by 
stretching the skin which hes o\er it Ihe needle is mserted through 
the skin a little to one side of the vein, and it is then advanced 
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alongside the vein lor about J inch before being introduced into it 
WTien the vein is entered in this way the skin puncture does not 
he directly over the vein puncture and the occurrence of bleeding 
after the needle is wthdrawTi is thus prevented 


1 c 33 

After a httle practice itiscasj to recognise b> sense of touch when 
the vein has been penetrated but in any case this should always be 
confirmed by withdrawing the plunger gentlj when jf the needle js 
in the vein blood wall be aspuated into the sjnnge 
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Tlie syringe should not be filled completely with pentothal solution 
because then it will be impossible to withdraw the plunger to venfj 
that the vein has been entered The position of the plunger here 
should be contrasted with that shown in fig 33 
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If the bevel of the needle does not he completely within the lumen 
of the vein blood can be aspirated into the synnge but when the 
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solution. IS injected some will be deposited e\tra\enousIy If this 
accident occurs it is generally re\ealed by the production of a superficial 
sneUing At the same tune the patient may complain of pain or of 
a burning sensation at the site of injection and if there is the 
slightest doubt whether the be\el of the needle is holly withm the 
vem the injection must not be continued untii the needle has been 
manipulated to correct any error If this is not possible the needle 
must be withdraira and reinserted into another lein after makmg 
sure that the needle is not blocked by blood clot 
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When the \ein is entered the venous circulation is restored by a 
pull on the tourniquet or by removal of the assistant s left hand and 
the pentothal is then injected by pressure on the plunger by the 
an-estbetist s left hand The gnp of the sjTmge by the nght hand 
remains unaltered throughout (see figs 32 and 36) 

Rate of injection of pentothal — ^Smce the strengths of solutions 
icfedafunotconsfant weirfer to doses ta femrs of freight sod not of 
volume 

The advice usually given is that for a normal adult about 0 3 gm 
•<ie 3 cc of a 10 per cent solution) should be injected o\er 10-15 
seconds and then a pause made of ^ seconds the a\erage tune for 
the cuculation of the blood so that the effect of this amount can be 
noted before a decision is taken as to what additional amount if anj 
should be given 

The rate of injection has a very important influence on the effect 
which a given quantity of ppntothal will produce (p 26) Slow 
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injection results in a widespread distribution of the drug throughout 
the body whereasrapidinjectionproducesaniramediate knock out 
effect on the brain after which the more widespread distnbution takes 
place Thus although 0 6 gm mjected uniformly over a penod of 
say twominutesmaynotproduceunconsciousness but only drowsmess 
or drunkenness lasting for some consKlenible time 0 3gm to the same 
patient mjected as rapidly as pos ible vviU produce transient deep 
anasthesia followed within a few minutes by almost complete reco\ery 

The rate of excretion of pentothal also mfluences the rate of attain 
roent and the duration of anaesthesia Excretion appears to be more 
rapid m the robust individual 

The effect of a given quantity of pentothal therefore depends on 
the rate of injection the amount injected the rate of excretion of the 
drug and on the resistance of the patient to the effects of narcotics 
generaUv 

Cases are reported where U is alleged that after pentothal giien 
intravenously the development of aniesthesia was delayed According 
to such reports although the injection had no immediate effect it was 
followed some hours later by drowsiness There can be no doubt that 
a large part if not the whole of the injected solution had been deposited 
extravenously This explanation has often been confirmed by the 
development wathm twenty four hours of pam and sometimes of 
inQammation at the site of injection If the drug is given wholly 
into a vein and the patient does not become unconscious within a 
imnutc this is proof that it has been given either too slowly or m 
msufBcicnt dosage 

Signs of Anaesthesia with Pentothal 

WTien the injection is made rapidly the first and second stages of 
anassthecia are passed through almost instantaneously The patient 
from talking quite rationally stops suddenly perhaps m the middle 
of a sentence and the next ^cond a gentle snore or the automaticity 
of respiration shows that he is anxsthetiscd If the injection is made 
slowly there may be yawmmg sneezing or coughing just as conscious 
ness Vs lost but liequenitly theQns«t<:duti/UKVw/i>isoAs.^is,chacac.te.ci£ed. 
simply by the appearance of generalised muscular relaxation quiet 
shallow respiration and abolition of response to stimuli 

It may be extremely difficult to differentiate between deep anass- 
thcsia and light undisturbed anssthesia In both cases the respiration 
IS 'hallow there is general muscidar relaxation and the eyeball is 
central The depth of anaesthesia may not be revealed until a stimulus 
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is applied : iu deep ansesthesia respiration remains shallow, whilst if 
ansesthesia is light the rate and excnrsion of respiration increase at 
once. 

Overdosage with Pentothal 

The immediate treatment of a gross overdose of any barbituric 
acid drug is the same as the tr^tment of overdose from any other 
anjesthetic. Artificial respiration (p. 293) must be continued until 
sufficient of the drug is excreted for the respiratory centre to recover 
its normal automatic activity. 

The only analeptic drug of proven worth in the treatment of poison- 
ing from barbituric acid derivatives is picrotoxin. This potent drug 
should be given intravenously at the rate of 1 mg. per minute until 
the patient rouses or until the appearance of muscular turtchings, 
usually seen first in the face. 

^Vhe^e it is desired merely to accelerate the rate of recovery from 
pentothal antesthesia Coramine in doses of 5 c.c. intravenously or 
intramuscularly T\ill be found effective. 
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CHAPTER XVI 

ETHYL CHLORIDE 

The boilmg point ol ethyl chlonde (CjHjCl) is 12 40 C At ordinary 
room temperature and pressure »t is therefore a gas but the increase 
01 pre'^sure required to bquefy it is so small that it can be kept ivath 
safety as a hquid m glass containers It is supplied m bottles of a 
convenient size and shape from which it can escape through a nozzle 
when the small control lever is depressed If the nozzle is directed 
dow-nuards opening it by means of 
the lescr will cause the expulsion of 
a jet of liquid ethyl chlonde which 
rapidly volatilises In this way the 
anaesthetic agent can be directed on 
to a mask at a reasonable concentra 
tion with very little loss An attempt 
to obtain a spray when the nozzle is 
directed upwards releases only the 
ethyl chlonde which has already 
vaporised abo\ e the fluid in the bottle 
so that the rate of ejection of the 
aniesthetic is negligible and smee the 
vapour density of ethyl chlonde gas 
IS 22 any which does escape faUs 
downwards le away from the direc 
tion m which the nozzle is aimed 
Ethyl chlonde bums with a bnght 
“-c flame but .t can be used safely 
m a room with an open flame 

The liquid can be purchased mixed with 0 5 per cent eau de 
Cologne Although ethyl chlonde vapour has not an objectionable 
wntVi addmtm ol the eau de Eoiogne maVes induction less un 
pleasant 

EthjI chlonde is a potent anxsthetic agent Its advantages are 

1 It IS not unpleasant to inhale 

2 It IS easy to administer 

3 It IS economical 
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4 It IS easily portable 

5 Induction of anasstbesia is rapid 

6 The signs of ansesthesia are simple and well defined 

7 Recovery after short ansstbesia is rapid 

The disadvantages of ethyl chlonde are 

1 Nausea vomiting headache and prostration frequently occur 
after deep or prolonged narcosis ’ft ere it not for this dis 
advantage ethyl chlonde would be used more extensively than it 
IS at present 

2 The stages of aniesth&ia are passed through so rapidly that it 
IS easy to admmister an overdose For the same reason it is an un 
suitable drug for the mamtenance of anasstbesia 

3 Involuntary mictuntion and even deiiecation are more liable to 
occur than under anaesthesia with other agents 

IndicatioQs for the Use of Ethyl Chlonde 

Although potentially highly dangerous ethyl chlonde used mtel 
ligently is a safe anesthetic lliat its administration needs thestnctest 
supervision does not detract from its value A patient fit enough to 
be anaesthetised by any other anaesthetic can be given ethyl chlonde 
The special mdications for its use are 

1 As a sole anssthetic for operations of short duration par 
ticularly dental extractions m children The margm of safety here 
IS high and is not exceeded by any other aoTsthetic except possibly 
vmesthene 

2 As a supplementary aniesthetic to nitrous oxide ante^thesia for 
young children or resistant adults including alcoholics 

3 To provide a quick induction when prolonged anaesthesia is to 
be maintamed by ether Its use for this purpose has been largely 
superseded m recent years by that of basal anasthetjcs such as 
av ertm or mtra venous ansesthetics such as pentothal 

Signs of Anmsthesia with Ethyl Chloride 

The stages of ethyl chlonde amesthesia can be convemently divided 
mto three induction «iurgical aniesthesia and overdose For 
tunately these stages are readily distinguishable and since ethyl 
cliloride is employed only for short operations no subdiv isions are 
necessary The character of the respiration is the guide par excellence 
to the stage of aniesthesia 
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Induction is often peaceful but breath-holding or other irregu- 
lanty of respiration, screaming, or tightening of the body musculature 
are not uncommon Breath-holdmg may occur early in induction 
either because the child is unco operative or because the strength of 
the vapour on the mask increased too quickly Just before the 
establishment of surgical ansesthesia, there is usually a tautening of 
the muscles of the body This is responsible for a hesitancy m respira- 
tion which may simulate breath-holding 

The stage of surgical anmsthesia is marked by regularity of 
respiration, relaxation of the muscles of the limbs, and flushing of the 
face If induction has not been peaceful the transition from irregular 
breathmg to the automatic respirations of surgical anxsthesia is often 
dramatic and is more noticeable mth ethyl chlonde than with any 
other anaesthetic With pentothaJ and generally ivith nitrous oxide 
the onset of the automatic respirations of surgical anssthesia is seldom 
striking, becaU'B the patient breathes quietly and regularly from 
the beginning Respiration at this stage of anesthesia with ethyl 
chloride is regular, sightly more rapid than normal, and moderately 
deep and audible The breathmg resembles that of a child sleeping 
soundly. 

Tlie eye signs are unreliable A large pupil may be seen at any 
stage of anaesthesia Strabismus is not uncommon during light 
anxsthesia 

In the stage of overdose respiration becomes progressively 
shallower This is accompanied by pallor and an mcrease m muscular 
flacculity and by wide dilatation of the pupil As with all other 
anesthetics, exceptmg chloroform occasionally, respiratory failure 
precedes cardiac failure, though in the case of ethyl chlonde only by 
a short intenal 

Dangers of Ethyl Chlonde and their Avoidance 
MTien any anssthctic is giien by the open method, anesthesia 
deepens for a few breaths after the mask is removed because of the 
absorption of the gas still in the lungs This effect is particularly 
noticeable with ethyl chlonde because of its potency Tlierefore if 
remoia.! of the mask la delayed until aniesthesia is deep, it will be 
dangerously deep a few seconds later For this reason until tlie 
administrator is expenenced it is a good rule immediately r^lar 
respiration is established to remo\e the mask and allow one breath of 
air before the operation is commenced 

Early in induction an unco-opcrati\e child may hold las breath 
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long enough for sbght cyanosis to be produced before the accumulating 
carbon dioxide forces a deep breath If the mistake is made of spray- 
ing ethyl chlonde on to the mask when the patient is not breathing, 
a strongly concentrated vapour accumulates, and a single deep inspira- 
tion of this strong vapour might lead to respiratory paralysis The 
observance of the rule if the patient holds his breath stop the 
anasthetic will prevent the occurrence of this emergency 

Although some degree of respiratory irregularity is common dunng 
induction it is not mvanable Some patients, notably the “ good " 
type of child, breathe shallowly and regularly throughout The 
muscles are not tautened nor the breath held at any stage, <=■0 that the 
onset of muscular relaxation and the automatic respiration of surgical 
anesthesia may be overlooked If the anaesthetist, under the impres- 
sion that the child is not yet “ off,’ continues to give ethyl chlonde 
after anaesthesia is established, dangerously deep anesthesia uih 
quickly result 

Respiratory ob^t^uctlon is a grave danger m ethyl chlonde 
anesthesia Because of the potency of the agent, obstruction jna> be 
followed quickly by grave tissue anoxia Cessation of respiratory 
effort at any time must be immediately mvestigated The causes are 
(i) voluntary breath holding m an unco operative patient, (u) reflex 
breath holding irom too stronga concentration of vapour, (m) mechani- 
cal obstruction of respiration, and {iv') gross overdosage These are 
generally easy to differentiate, but if there is any doubt, treatment 
for mechanical obstruction and overdosage must be instituted 

During induction with ethyl chlonde, spasm of the laryngeal 
muscles may cause inspiratory stndor which, unlike that developing 
with other anresthetics, may persist mto deep aniesthesia Attempts 
are sometimes made to deepen anaesthesia with the object of relaxmg 
the laryngeal muscles, but such attempts are dangerous, because the 
spasm may not relax until aniesthesia is dangerously deep 

^\hen stndor occurs the mask should be removed to allow the 
patient to breathe air The sindc^r disappears before oonsfiDUsness 
IS regained, and if the mask is then reapplied and anassthesia gradually 
deepened, it rarely returns If it d^ recur, the admmistration 
should be discontmued and no attempt should be made to extract 
until the stndor ceases Respiratory exchange is already markedly 
affected by the obstruction whndi causes the stndor, and if to this 
further respiratory oh'^tniction is added, eg bj tlie sponge or by the 
dentist pushing the lower jaw and tongue backwards, the limitation of 
oxygen intake will increase to a dangerous degree the tissue anoxia 
alreadv existing After the •stndor passc'v off approximately thirtj 
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seconds operating tune remains before the patient recovers The 
cause of stndor m these cases has not been satisfactorily explained 
The fact that it occurs %vith less frequency now than formerly has been 
attributed to greater punty of the drug but this cannot be a complete 
explanation for eth^l chlonde out of the same bottle may produce 
stndor m one patient and uneventful amesthesia in another 

Pallor dunng admmistratron of ethyl chlonde rs a danger sign 
Ethyl chlonde causes dilatation of the penpheral vessels giving the 
patient a flushed appearance and absence of this normal reaction is 
of senous significance In some cases pallor occurs only after a large 
quantity has been admmistered but m children iiith an idiosyncrasy 
it IS seen relatnely early In such children soon after the loss of con 
sciousness the respiratory excursion dunmishes rapidly and the colour 
which probably has never been good becomes still paler Muscular 
flaccidity return of the eccentric eyeball to centre and wide dilatation 
of the pupil occur coincidentally with the pallor but are more easily 
overlooked When pallor occurs it is wise to suspend the operation 
until amesthesia has lightened Further administration of ethyl 
chlonde or the existence of any respiratory obstniction at this stage is 
fraught inth great danger 

Since small doses of ethyl chlonde produce rapid changes m the 
depth of anssthesia the pnncipal danger m its use is that of over 
dosage for signs of which the amsthetist must be constantly on 
the watch Close adherence to the following rules wiU make for 
safety 

1 A free airway must be maintained — This applies to all 
anssthctised patients but is particularly to be stressed when powerful 
drugs are used to produce unconsciousness 

2 Every breath should be seen or heard — Generally either 
mspiration or expiration is audible and the expired air after passing 
through the frozen mask is always visible The respiratory excursions 
of the chest can usually be followed ivith ease but it must be remem 
bered that these moiements are not an infallible indication of the 
expansion of the lungs If respiration is obstructed and unconscious- 
ness IS not deep movement of the thoracic wall may continue for a 
short peaod without achicvuig ahy puhmnaxy veatUatuio. 

3 If the patient holds his breath, stop the anesthetic until 
the cause of cessation of respiration is discovered and until 
breathing recommences 

4 If there is any doubt about the depth of ancesthesia the 
patient must be treated as If deeply anmsthetised until the 
conti^r> is proved 
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ADMINISTRATION 

Ethyl chlonde may be given by the open or closed method 
Although the former is more wasteful, we prefer it, mainly because it 
IS more pleasant for the patient, and partly because the gen intake 
IS not restricted Before discussing the respective advantages of these 
alternative procedures we shall consider certain points common to 
them both 

Two bottles of ethyl diionde should be at hand before mduction 
js begun This precaution is advisable in case one becomes empty or 
falls and breaks , or in case the nozzle becomes frozen and the size 
of the spray is thereby so much reduced that mduction is greatly 
delayed 

An attempt must be made to insert a prop in a child s mouth 
before the anesthetic is started, and efforts to spit it out should 
be frustrated by the appbcation of pressure with the little finger 
under the chin 

If the administration is stopped as soon as respiration becomes 
automatic, about 60 seconds of anseslhesia will be obtained , it is 
followed hy analgesia lasting 20 to 30 seconds Complete recovery is 
not so rapid as after nitrous oxide, and the patient may remain dazed 
for a rmnute or two On recovery the previously flushed face often 
becomes pale, and this, especially if the pallor is of the circumoral type, 
suggests that vomiting is miminent 

Repeated applications of ethyl chloride — ^In dealing with 
children, if lengthy extractions are to be made it has to be decided 
whether to attempt to complete the work on a ‘Single occasion or to 
divide it between two or more sittings In makmg the deasion it 
must be remembered that children, even more than adults, dislike 
repeated anesthetics If the former course is chosen, there are still 
alternatives the more popular is to secure a sufficient duration 
of anesthesia by producing profound uncou'sciousness by a single 
admmistration ol' a large enougfi dose of effiyf cfnbnde tfosf 
anesthetists have a strong prqudice against the other alternative of 
reapplying ethyl chlonde during dental work , it outweighs for them 
the diinger of overdosage which accompanies the attempt to secure 
long anjBsthesia from one application However, even when this nsk 
IS taken, a sufficiently prolonged anaesthesia cannot be guaranteed , if 
the operation proves longer than was anticipated, it may have to be 
abandoned because of retummg consciousness and completed at a 
further sitting Moreover, the complications of vomiting and prostra- 
tion are associated more with depth than wath length ol an$sthesia 
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For these reasons, we believe that the better course is to make 
repeated «mall applications dunng a single sitting It is often con- 
venient to give only enough ethyl chloride to allow one half of the 
mouth to be operated on, and then, before the child is conscious to 
apply an additional amount sufficient to aUow extractions on the other 
side to be completed Readimnistration should not be deferred so 
long that the child is responsive enough to struggle, for he is then 
liable to pull the mask away from his face There may then be 
difficulty m settling him down again, and his. movements favour 
aspiration of any foreign body which may have been overlooked m 
the mouth The ansesthetist must therefore stop the dentist operating 
at the pomt where he thmks recovery and restlessness wall take place 
in a few seconds The signs of returning consciousness are movements 
of the bod)’ or limbs, phonation, screwing up of the face, and lachry- 
malion If reapplication of ethyl chloride is deferred until the patient 
IS almost conscious, vomitmg may occur 

It is an inviolable rule that ethyl chloride, or any other anasthetic. 
must never be reapplied unless the airway is clear and the mouth free 
from debns The head should be tipped forward to dram the mouth 
of blood, and the soiled sponge should be taken out and replaced by 
a clean one If the fresh sponge becomes frozen dunng readministra- 
tion of eth) 1 chlonde, it will cease to provide adequate protection and 
must again be changed before the operation is recommenced 

Open Ethyl Chlonde 

The equipment for admmistenng ethyl chlonde by the open 
method is very simple . it consists merely of a Sdummelbusch mask 
(p 169) and a few thicknesses of gauze In case of necessity even 
these can be dispensed with, and an ordinary linen hand towel or bib 
held over the nose and mouth wall make an effective substitute 

Tins latter method, although neat and always available, has one 
disadvantage The ethyl chlonde coming into contact with the 
patient's face and lips, and also with the operators left hand, is un- 
pleasantly cold, and may, if appliedlong enough even cause a mild 
" bum ' 

A few drops of ethyl chlonde are sprayed on the mask or hand 
towel, which is gradually lowered onto the patient s face Nothing is 
to be gamed by a slow induction The vapour concentration sliould 
be increased steadily and as rapidly as possible, but the rate of increase 
should never be enough to make the patient uncomfortable nor to 
tempt him to hold his breath Many children can be pereuaded to 
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inhale the anzesthetic quietlj and a good anassthetist may coa\ the 
patient to unconsciousness without upsetting the easy rhythm of 
normal respiration A child may be dismchned to breathe in 
ethyl chloride sprayed on the mask but he* may often be persuaded 
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to blow aw-ay the scent The hearty puffs are followed by proper 
tionately deep mspirations and an*csthesia quickly follows 

The unsympathetic anjesthetist may try to hurry induction b\ 
forcing a concentrated vapour suddenly on the child without watting 
to see if he wU co operate in a more gradual induction This me\ itabU 
results m some degree of breath Jioldmg or struggling Even with a 
co-<)perati\e patient however induction though gradual should not 
be prelecTgec! a-nefedy 

Peaceful induction is impossible where the patient screams or 
struggles If a child cnes it is obvious that he is maintaining a good 
airway Gradual increase of the dose should not then be attempted 
but ethyl chloride should begi\ en freely to induce anesthesia as qincU\ 
as po'ssible A spoilt obstreperous child is in this way easily and 
quickly subdued by ethyl chlonde Tbe onset of surgical aniesthesii 
IS here sudden and the mask must be removed immediately respiration 
becomes automatic 

Occasionally wath nitrous oxide even with a co operative child it 
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i-> advLsable to supplement an.esthc<iia by the addition of ethyl chlonde 

Ip 127) 

Rapiditj of onset of an-csthe*iia to detennined by the amount of 
cthy 1 chlonde spray ed on the mask and by the respiratory volume and 
rate \ anations m the respiratory rhythm make it impossible to gu e 
ethjl chlonde by a rule-of thumb method It is impossible to predict 
the quantity which will be needed both because patients vary «o much 
m their requirements and because the amount wasted by evaporation 
cannot be estimated 

Tlie amount of ethyl chlonde used by the Great Ormond Street 
method is still less predictable This technique mtroduced by 
Sington has however much to commend it It is a leisurely method 
in which the child himself is persuaded to hold the mask S to 10 inches 
aw ay from his face w hile ethyl chlonde is sprayed on it He is allow ed 
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to <it up or he down just as he chooses The anasthetist talks to him 
continuously and by vanous manocuvTcs the mask is gradually 
lowered on to the face This may take one or two minutes and up 
to 30 cc of ethyl chlonde may be sprayed on the mask before un 
con'ciou ness is reached buch an induction is peaceful and well 
)ustifies the expenditure of extra time and matenal W ithout realising 
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what IS happening, the child becomes more and more stuporose, fails 
to answer questions, and gradually allows the mask to be lowered on 
to his face 

For general surgery, a satisfactory alternative ^ to the Great 
Ormond Street method m a child who comes to the operatmg theatre 
conscious IS to encourage him to “ roU over on your side as if you're 
gomg to sleep *' Once the child is m this natural position, the mask is 
held a feiv mches an ay from his face and ethyl chlonde sprayed on to it 
Resistance is rare . the onset of unconsciousness is smooth, and the 
expenence is not resented at the time or subsequently. 

Closed Ethyl Chloride 

The chief advantage of the closed method is that it is economical 
One argument frequently put forward in its favour is that since only 
a fixed amount is put into the bag and this amount is small, it is 
difficult to gi\e an overdose, except by a gross error of judgment in 
estimatmg the amount needed 



Fig 41 — Loosely s Inbaler 


On the bag holder is a small aperture guarded by a ball wlucli is 
kept in position by a spring This ball is easily depressed by the 
nozzle of the container from which ethyl chlonde then can be spraj'cd 
into the bag At first the mask is apphed intermittently so that the 
patient mspires from the air and expires into the bag, thus inflating ii 



160 ESSENTIALS OF GENERAL AN^THESIA 

After the bag is full, it is held finnly on the face to prevent any leakage 
According to the size and resistance of the patient, from 2 to 6 c c 
of ethyl chloride are then gradually sprayed into the bag As soon as 
anajsthesia is established it will not be deepened by retention of the 
mask on the face, <ince practically all the ethyl chloride is alread) 
absorbed from the bag, and in the early stages is distnbuted largely 
to the brain, producing deep ansesthe^ia If the mask is kept to the 
face laluable operating time is lost, during which the anssthetic is 
merely being rcdistnbnted from the brain to the tissues, with consequent 
lessening of the degree of unconsciousness 

Cthyl Chloride as a Supplement to Nitrous>oxide Ancesthesia 
A\ithm recent jear^ a small preliminary intravenous mjection of 
pentothalor ev ipan gi\ en to the robust adult patient before continumg 
inth nitrous oxide has m many cases replaced the supplementary ethyl 
chlonde, which might otherwise be indicated for example, where 
nitrous oxide la not strong enough to control the patient unless the 
asphyxial element w hich must be introduced either makes operating 
difficult or IS enough to jeopardise the patient's safety 

Ethyl chlonde u stiU of value, however, as a supplementary agent 
in cases where it is discovered, after nitrous-oxide anxsthesia has been 
embarked upon, that a patient of powerful physique cannot be settled 
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After some minutes, during which the operative stimulus may have to 
be mcreased, the patient is likely to become progressively difficult to 
control, and the addition of a little ethyl chlonde is remarkably 
effective in estabhshmg peaceful anaesthesia and facilitatmg its sub- 
sequent mamtenance 

The nose-piece i* retamed in position and the mouth covered by 
a hand tow el or the upturned bib on to which ethyl chlonde is sprayed 
If the patient is breathing mainly through his mouth, anicsthesia will 
be produced almost entirely by the ethyl chlonde, but as it deepens 
he will resort to nose-breathing, and the aniesthetic is then continued 
ivith nitrous oxide and oxygen The question whether the patient 
can be exposed safely to an appreciable degree of oxj gen-lack or not, 
depends on the amount of ethyl chlonde given Cyanosis should not 
be allowed to occur after a moderate amount of ethyl chlonde, but, if 
the amount given has been small, a slight reduction m the oxygen 
intake may be necessary m order to maintam tranquil anesthesia 
with nitrous oxide 



Fig 43. 


In case of extreme violence, the no>e piece also must be replaced 
by the bib, and induction completed with ethyl chlonde alone A 
struggUng man breathes deeply so that antesthesia is induced quickly 
As soon as he becomes tranquil, aniesthesia is continued nasally wotli 
nitrous oxide 
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CHAPTER XATI 
VINESTHENE 

\ iNESTHENE the U‘!e of which as an anasthetic was hrst suggested by 
Leake * is the propnetary name for di vinjl ether (CiHj)^© to which 
stabilising agents have been added This drug was introduced into 
chnical ansesthesia m 1933* It is an almost colourless volatile 
highly inflammable liquid with a specific gravntj of 0 8 and it 
boils at 29’ C The vapour density of the gas is 2 4 It has a 
characteristic petrol like smell and mixtures with air or oxygen are 
highly explosive 

It is potent, and induces anasthesia rapidly and not unpleasantly 
It IS useful m general surgery either merely as an induction agent or 
as the «ole anesthetic for short operations It has a particular useful 
ness for short operations, and has become especially popular for dental 
surgery m children For more prolonged operations mixtures with 
ethyl ether in any proportions are satisfactory for the maintenance of 
anesthesia and a mixture containing 25 per cent vmesthetie and 
75 per cent ethyl ether is much m favour both for induction and 
maintenance ^ incsthcne has been used with success m midwifery, 
both for analgesia and to obtam anasthesia at the end of the 'econd 
stage of labour 

Vinesthene for Dental Surgery 
\ inesthene is now often used where ethyl chloride would formerly 
have been given The indications for its u'=e are very similar to tha»e 
for ethyl chloride Either drug can be given by the open or by the 
closed method e consider that the open method is more humane, 
and comparing the two drugs given by the open method we find 
ethyl chlonde to be more convenient more rapid and much more 
economical Although in these respects ethyl chlonde os more satis- 
factory vinesthene has two ovemding advantages and we frequently 
atlrrrnTns'ieiift even'Dj ‘I’Viedoseflineftiod m preference to ethyK^lonhe 
by the open method Tlie^e advantages are 

1 A sinking absence of undesirable after-effects such as post 
aniEsthetic vomiting and collapse after •'hort operations the patient 
is able to leave the surgery withm a minute or two apparently none 
the vior«e for his expenence 
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2 Less masseteric spasm, so that the mouth can be opened with 
comparative ease in cases where the prop has been spat out during 
induction 

Signs of Anaesthesia * 

The crying and struggling common in the early induction period 
when this drug is used stop after a few breaths, and respiration then 
becomes regular Even if it is regular from the begmnmg, the auto- 
matic character indicatmg surgical anaesthesia is usually easily 
recognisable General muscular relaxation occurs at the same time, 
the eyeballs become fixed, usually eccentrically, and the conjunctival 
reflex disappears WTien given by the closed method, the depletion 
of the oxygen m the bag of the inhaler due to continued rebreathing, 
may cause slight cyanosis 


Administration b> the Closed Method 



Goldman’s Inhaler — ^The barrel contains a sponge on to which the 
content of a vinesthene ampoule (3-c c or 5-c c ampoules are available) 
IS poured The dose generaUy recommended for children of all ages 
IS 3 cc , but for above the age of 5 ue prefer to use 5 cc 
A prop is inserted, and the bag is distended either by the patient's 
expiration after the face mask has been applied at the end of an 
inspiration, or it is blown up by the anaesthetist 

The mask is then held firmly to the face The disadvantage of 
this inhaler is that the strength of the ixipour cannot be increased 
graduallj This is to some extent offset by the fact that a few breaths 
suffice to produce amisthesia, but before this is reached the sudden 
irritation from the concentrated vapour usually leads to crying and 
phy«ical resistance during the mdnction Hence the breathmg js at 
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first irregular, but m mo-st cases »f no vapour is lost bj leakage the 
automatic respiration characteristic oi surgical anesthesia soon sets in 
Occasionally, however, the irritating vapour causes larjngeal spasm, 
ar\d the anoxaemia from continuous rebreathing may result in jerky 
irregular breathing In either of these cases the mask should be 
removed, and the patient allowed one or two breaths of air to relieve 
the condition before extractions begin 

It is essential to retain the mask firmly on the face to prevent any 
outvsard escape of vmesthene Usually aiuEsthesia is established in 
about one minute The mask should then be removed and extractions 
commenced at once As described m the chapter on ethyl chlonde 
if the mask is kept too long applied, the anaesthesia becomes lighter 
The depth and duration of anaesthesia depend upon the dose introduced 
into the inhaler, on whether anj is lost by leakage and upon the size 
and resistance of the patient Minor variations in the anaesthesia 
occur from patient to patient but on an average 45-60 seconds of 
tranquil anaesthesia is provided and after thi>. recovery of conscious- 
ness \s abrupt. 
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The Oxford Jnhakr* — This apparatus modifies the Goldman inhaler 
m two respects which we consider are improvements (i) It contams 
a one-waj inlet valve (X) for air which comes into action only if and 
when the bag is emptj, when it allows the patient to draw m supple- 
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mentary avr Expiration takes place entirely into the bag (u) A 
by pass allows the concentration of anjesthetic vapour to be increased 
gradually 

Open Method 


Vmesthene maj be dropped on to a mask or on to a strip of Imt 
hanging down over the nose The difficulty of obtaining a uniform rate 
of dropping from the bottle, and the expense of the drug, hav e prevented 
a wider use of this method As with other anesthetics, the rate of 
administration is increased as rapidly as the patient will tolerate it. 
If the supply is stopped at the onset of surgical anjesthesia, the operating 
time afforded is about 60 seconds, though it can safely be prolonged 
by delaying removal of the mask and continuing administration after 
automatic respiration is established 

In companson with the closed method, induction takes rather 
longer and frequently 20 c c are necessary to establish aniesthesia ; 
also salivation is more marked and may be troublesome. The duration 
of anesthesia and of tlie penod of recovery are dependent on tlie amount 
of vmesthene absorbed, but generally they are both longer than when 
the drug is given by the closed method 
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li desired, anasthesia by either method can be continued at a 
steady let el by dropping vinesthene on to a folded strip of gaute held 
beneath the nostnls 
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CHAPTER XVIII 

ETHER 

Ether [diethyl ether, diethyl OMde first u^ed as an 

anzesthetic one hundred years ago, is still the safest and mo&t 
popular anaesthetic for general use It is noteworthy in general 
surgery that if an aniesthetist gets into difficulties with anj other 
agent, he almost mvanabiy resorts to ether for help 

Ether is rehable and relatively non toxic It enables muscular 
relaxation adequate for an abdominal operation to be mamtamed 
%vithout signs of respiratory depression and, if an overdose is given, 
respiratory arrest occurs before the circulation is graiely impaired 
Immediate removal of the mask and institution of artificial respiration 
will therefore m all probability, result in recovery 

PHYSICAL PROPERTIES 

Ether is a colourless, inflammable liquid with a specific gravity of 
07 and a characteristic pungent odour It may be mentioned here 
that an ansesthetist’s first duty is to smell the content of the bottle 
of anjesthetic before he admmisters it to the patient This precaution 
NvJl ehmmate the mistake, frequently a fatal one, of givmg chloroform 
under the impression that it is ether The boiling point of ether 
(34 6" C ) IS just below body temperature, and it volatilises readily at 
ordmary room temperature Ether vapour has a density of 2fi, is 
very mflammable, and mth air or oxj^en forms highly explosive 
mixtures It should, therefore, never be used in the presence of a 
naked flame, nor for an operation in which the cautery or diathermy 
IS to be used That ether vapour, two and a half times as heavy as 
air, will sink, must be borne m mind when positioning any apparatus 
from which a spark maybe generated acadentallj (eg an electncaUy 
operated suction pump) 

INDUCTION 

The patient •should be preinedicated with atropine to prevent the 
salivation and bronchial secretion which otherwise frequently results 
from the imtant action of ether vapour If morphia is to be given, 
It should be injected 1-2 hours beforeanjestbesia is due to begin (p 95) 
Although ether is probably the most frequently used drug for the 
maintenance of anasthesia, it is *«ldom used from the beginning, for 



163 ESSLNTIALS OF GENERAL ANESTHESIA 

induction is ach:e\ed more pleasantly and rapidly by such agents as 
ethyl chlonde, vinesthene or pentothaL If ether alone li to be used, 
ample time must be allot\ed, since induction of aniesthesia is slow, 
particularly if the threshold of the respiratory centre to COj has 
been raised by morphia (p 47) Induction may take as Jong as 30 
minutes, and the aniesthetist must exercise considerable patience to 
avoid mtemipting the regular rhythm of respiration Ideally the 
ether should be given co«/i«ff£>ws(y, and the concentration of vapour 
increased gradually' yet as rapidly as the patient mil tolerate it An 
attempt to hasten induction by increasing too suddenly the con- 
centration of vapour will defeat its own end, since the oppressive 
vapour wnll check the regularity and the depth of respiration, and the 
onset of amesthcsia will be correspondingly delayed The signs that 
the ether concentration is being increased too quickly are similar to the 
signs of irritation from any other cause on the unanssthetLsed pharynx 
or larynx There will be 

(a) Swallowing, a protective reaction safeguarding the air 
passages, or 

(&) Breath-holding, which occurs coincidentally ivith swallowing 
or there may be breath holding without swallowing , or 

(c) Coughing: or at a later stage 

(d) Laryngeal spasm, causing inspiratory stndor and diminished 
pulmonary \entilation Any of these reflex protective reactions 
retards the rate of absorption of ether, and should they occur the rate 
of administration must be reduced until a strength of vapour which 
can be tolerated is reached When normal respiration recommences, 
the aniestbetist must renew the attempt to find the maximum rate 
at which the sapour concentration can be increased without upsetting 
the respiratory rhythm 

WTien ether is to be used alter an induction by ethyl chlonde or 
pentothal, the optimum rate of adxnmistration is determined only by 
expenence If the ether is not given rapidly the patient will ' come 
round ” before enough has been absorbed to be effective, and if given 
too quickly laryiigeal spasm may be precipitated TIus troublesome 
complication of ana?sthesia has many causes, and. dunng light ether 
anssthesia^ may occur from imtation of the larynx by the direct 
action of strong ether vapour, or by mucus secreted from the respira- 
tory tract as a result of the strength of the vapour 

Provided respiration remains regular, ether cannot be administered 
loo rapidly Tiie beginner is advised to be cautious with all other 
anesthetics but to be bold with ether, with which difficulties anse 
more frequently from under- than from over-dosage Provided a 
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clear airway IS maintained the patient wU not collapse suddenij from 
an overdose Respiratory and other ‘'igns give ample vvammg of the 
approach of deep aniesthesia which can then be avoided by reducing 
the rate of administration The troubles of light ether aniesthebia 
are laryngeal spasm and vomiting The former is overcome as de 
scnbed by first decreasmg and then progressively increasing the 
strength of vapour to which the lat 3 mx is exposed The latter may 
cause respiratoiy obstruction by the lodgment of a mass of food 
or acid regurgitation from the stomach b 3 imtatmg the larynx maj 
cause persistent laryngeal spasm which limits the mtake of further 
ansesthetic and makes the attainment of surgical ansesthesia difficult 
Although ether may be given by rectum mixed with olive oil or 
intravenously in sahne it is rarely administered other than bj 
mhalation It maj be given 

(a) By dropping it on an open mask where it is vaporised 
(5) By delivering to the patient air oxygen or a mixture of nitrous 
oxide and oxygen which has been passed over or through ether contained 
m a bottle This is often referred to as the semi-closed method 
(c) In a closed circuit 
{d) By the Oxford \ aponser (p 313) 

Open drop Method 




The mask is covered with about a dozen thicknesses of gauze 
which are held in position by the spnng band The gauze must not 
be thick enough to interfere with free respiration 
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Fig 52 {After 11 atert ) 


Provided free regular respiration is not interrupted, the rate of 
flow of ether on to the mask must he continuous and must be increased 
unifonnlj 



Flo S3 

A gamgee pad — i e cotton wool coiered inth gauze — is a help to 
the efficient aclmmistration of ether by the open drop method 
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Tlie concentration of ether vapour can be increased bj inserting 
a gamgee pad underneath the mask, thus preienting the patient from 
breathing any air which does not pass through the ether laden mask 
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Fig 56 

The concentration of an®sthetic vapour can be stiU further increased 
by covenng the mask with another gamgee pad 

“ Semi-closed ** Method 



The rates of flow of the selected gases (usually nitrous oxide and 
oxygen^ are measvired by flo\vroetet>» (A.), and can be controlled by 
opening or closing the valves (V) The gases pass directly to the 
patient unless they are by-passed by a stopcock (B) into the ether 
bottle In the latter case the tension of ether vapour dehvered to the 
patient ^vl^ increase as the plunger (C) is lowered, since then the gases 
are brought increasingly near the surface of the liquid ether or are made 
to bubble through it 

A rebrea thing bag m the circuit acts as a resen oir to allow the lungs 
to expand ivith ease during inspiration For an adult, a flow of gases 
of 5 litres a minute u> neces^^ry to replenish the breathing bag and 
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to ensure that a high percentage of the exhaled gases passes out 
through the expiratory valve near the face piece Such a flow limits 
the rebreathmg into the corrugated tube and bag to a small volume 
and the accumulation of COj xs thus prevented 

It IS north recording that where ether \apour is earned to 
the patient by nitrous oxide and oxygen the resulting anesthesia 
IS frequently due almost entirely to the ether The NjO then can be 
considered merely as a vehicle and could be replaced by nitrogen 
without any noticeable difference in the ansesthesia 

Closed circuit Method 

Inhalation anesthetics are excreted unchanged through the lungs 
If a patient breathes m and out of a bag to which ether or any other 
inhalation anassthetic is added until the desired level of anxsthesia is 
reached theoretically this level could then be maintained indefinitely 
without further addition of anesthetic Tor life to be supported 
provision would hate to be made for the supply of essential ox j gen 
and for the removal of COj which if allowed to accumulate would 
soon reach a lethal concentration 

The mask is applied to the face firmly enough to prevent leakage 
The lungs and rebreathmg bag 
then form a continuous closed 
circuit to which oxygen measured 
by a flowmeter is added at the 
rate at which it is consumed by 
the body tissues In the average 
adult at rest this is about 2o0 c c 
per minute A canister of soda 
lime is mtroduced into the circuit to 
absorb the CO 2 expired Ether (or 
othennhalation anaesthetic) is added 
gradually into the circuit until the 
requisite degree of anaesthesia is 
reached Although m theory no 
more anesthetic is now needed in 
practice it is found necessary to add 
small quantities from time to time 
m order to maintain a steady level 
of anaisthesia The additional anaesthetic is needed to maintain a 
constant concentration in the brain while tissue equilibrium is being 
established to compensate for small leakages and to replace small 
losses from the skin wound surfaces ind possibly by renal excretion 
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If thesoda lime canister isattached to the mask (fig o8) theuseof 
valves to direct the flow of gases IS unnecebsary In this to and fro 
method the apparatus i^ simple resistance to respiration is minimal 
but airtight retention of the mask on the face is difficult on account 
of the position of the canister 



In the circle method the mtroduction of valves allows the 
canister to be placed remotely This makes control of the face mask 
more easy Compared with the to and fro the circle apparatus 
IS more complicated and more resistance to respiration is offered by 
the valves and the greater length of breathing tubmg necessarj 

The advantages claimed for the COj absorption method of antes- 
thesia are (i) Maintenance of body heat The anesthetic gases are 
soon raised to body temperature and saturated vvuth water vapour 
and the patient contmues to breathe this warm moist atmosphere 
(ii) Dimmished nsk of explosion Although ehmmation of this danger 
IS not absolute the possibility of e-rplosion is obviously reduced if 
mfiammable gases are confined to a closed circuit (iii) Vitiation of 
theatre atmosphere is prevented With open-drop ether the antes 
thetist and operating team often work in an atmosphere heavily 
charged with ether vapour (iv) Economy of anaesthetic gases is 
effected and as a corollary the use of an expensive gas such as cyclo- 
propane is made possible 

Read also 

Maters R M 1936 Carbon Diottde Absorpficn Techntc tn Aneslhesta 
■itifi Surg 103,38 
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CHAPTER \IX 

CHLOROFORM 

Chloroform (CHCy is a colouriess liquid «ith a sueet burning taste 
and an agreeable «mell It is sufficiently imtatmg to cause a mild 
bum if the lint on which it is dropped is kept m contact wth the skin 
for some time The specific gravity of the liquid is 1 5 and its boiling 
pomt 61“ C Chloroform vapour has a density of 4 and shares ivith 
nitrous oxide the great advantage of non inflammability 

Chloroform is highly toxic an^thesia being achieved by a poisoning 
of tissue cells appreciably greater than that produced by other an*s 
thetics An even more serious deterrent to its use however ij. that 
during induction sudden death which is unpredictable and apparently 
unavoidable occasionally occurs It has the advantage over ether 
that Its vapour is quite pleasant to inhale and on this account it ivas 
formerly in common use to produce unconsciousness before continuing 
anssthesia with ether This justification for its use has been elimi 
minated since the introduction of basal anaesthetics Moreover basal 
anaesthetics followed by N^O and intravenous anaesthetics havereplaced 
chloroform m most cases w'here anajsthesia has to be produced under 
conditions m which there is a danger of explosion Its employment 
m general surgery is now rare and Us use m dentistry is unwarranted 
Its physical properties give chloroform a sphere of usefulness for 
emergency operations conducted away from hospital 

Dangers of Chloroform Anmsthesia 
There are four well recognised causes of death from chloroform 
1 Writers during the last century describe the occurrence of 
sudden death from psychological causes dunng induction of anaesthesia 
or early m operation Half the deaths from chloroform have occurred 
wathin fifteen minutes of the beginning of induction Chloroform 
sensitises the organism to adrenaline a drug which can produce 
ventncular fibnllatjon m man and animals The result is that under 
chloroform aniesthesia a smaller dose of adrenaline than would otl er 
wise produce fibrillation may now do so There is a strong clinical 
impression that suppressed fear of ana?sthe«ia or operation leads to 
hberation of the patient s own adrenaline into his blood stream in 
quantities sufficient ilheisasusceptiblesubject to produce ventncular 
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fibrillation in a heart sensiti-^ed by chloroform Deaths from this 
cause wUI occur independently of the skill and expenence of the 
anassthetist These sudden deaths occur notoriously in the healthy, 
nervous patient who is dreading operation In this connection it 
should be remembered that fear immediately before operation can now 
be overcome by the use of basal an^thetics of which a\ ertm, nembutal, 
and evipan are familiar examples Basal ansesthesia, therefore, may 
tend to protect the patient against this cause of sudden death from 
chloroform 

2 Death maj occur from the direct action of strong chloroform 
vapour on the cardiac musculature of susceptible patients Chloroform 
vapour m the mhaled mixture should not exceed 4 per cent 

3 Death may result from paralysis of the respiratory centre from 
overdosage This is heralded hy mcreasmg depression of respiration, 
and can be avoided by paying attention to respiratory signs Should 
respiratory arrest occur, artificial respiration must be mstituted at 
once, but the probability of recovery is not as high as N\hen a less 
toxic anssthetic is used 

4 Death may arise also from delayed chloroform poisoning, m 
^vh^ch, condition liver function becomes grossly disorganised This 
grave complication, the signs of which do not occur for some thirty six 
hours afteradmmistratzon, is more likelj tooccurmexhaustedpatients, 
in those depleted of tissue fluids, and in those nho ha\e been depnied 
of food The nsk of this complication mcreases m proportion to the 
degree of debility of the patient and to the amount of chloroform given 

Administration of Chloroform 

Chloroform may be administered from a drop bottle on to a 
Schimmelbusch's mask coiered ivith eight layers of gauze or one lajer 
of flannel A few drops are placed on the flannel and the mask 
gradually lowered on to the face The rate of administration is 
increased as rapidly as the patient will tolerate Swallowing, breath- 
holdmg, or coughing are signs that the concentration of the vapour 
IS being mcreased too quicklj If they occur, tlie mask must be 
withdrawn a few inches, and graduallj lowered as normal respiration 
IS resumed This precaution is nece<;‘!aiy lest a penod of breath holding 
be followed by an abnormally deep inspiration which might be cliarged 
with a dangerously high percentage of chloroform \apoar The use of 
a gamgee pad o\ er or under the Schimmelbusch’s maskisnei er justified, 
since this too mav lead to a dangerous concentration of vapour The 
amount of chloroform used for induction and mamtenance of anaesthe«ia 
Is stnkingly less than m the case of ether As a very rough guide. 
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about 14-2 ozs wU be needed for the first hour of anjesthesia lor a 
surgical operation on an average patient 



In order to -avoid too strong a concentration of chloroform vapour, 
Lister * ui 1882 recommended that the mask should consist of the 
comer of a thin hand towel drawn through a closed safety pm The 
towel should not touch the face, and although if necessary it may be 
kept moist with chloroform, the amount on it should nev er be sufficient 
to cause the chloroform to drop off the edges 


(1) Lister Joseph 1st Baron 1909 Cdlecitd Papers Oxford 1, 168 


CHAPTER XX 

CYCLOPROPANE 

Cyclopkopane (CsHg) is a colourless gas a not unpleasant 
naphtha like smell It is one and a half tunes as heavy as air, and 
wdely vaned mixtures wth oxygen or air are highly explosive It 
liquefies at a pressure of 75 lb per square inch, and i» supplied as a 
liquid m cylinders Its price per gallon is approximately fifty times 
that of nitrous oxide, but since it is always admmistered in a closed- 
circuit apparatus (p 172), the cost of cyclopropane ansesthesia is 
approximately the same as that of other inhalation anesthetics 
With this potent agent, anaesthesia suitable for any surgical 
procedure can be obtained, but because of the difficulty, in operations 
on the head and neck of establishing a gastight connection between 
apparatus and patient without encroaching on the field of operation 
it IS seldom used in dentistry 

Cyclopropane is not suited for use by the occasional anaesthetist 
The signs of anasthesia correspond closely to those of ether but the 
successive stages are passed through with much greater rapidity 
Muscular relaxation cannot be relied upon when the drug is used m 
low concentrations and an attempt to produce relaxation by increasing 
the cyclopropane content of the mixture may be accompanied by 
marked respiratory depression and cardiac irregulanties Never- 
theless, in the hands of the expenenced ancesthetist it furnishes 
eminently satisfactory results, and by many is considered to be the 
anesthetic of choice for most surgical operations 

Induction ivith cyclopropane is rapid and not unpleasant, and 
recovery after short amesthesia is quick Respiration throughout is 
shallow and quiet The gas is not imtant to the mucous membranes 
of the air passages or to the pulmonary epithelium, and therefore is 
suitable for patients ivath pulmonary disease 

Administration of Cyclopropane 
Before the mask is applied, the rebreathing bag should be filled 
with sufficient oxjgen to ^ow comfortable respiration The flow of 
oxygen is then adjusted to «atisfy the patient s metabolic requirements 
(i e about 250 c c per minute for an adult), and the cyclopropane is 
mtroduced into the circuit at a rate of 500-1,000 cc per minute 
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This flow IS kept up until the desired anassthesia is achieved the le\ el 
of uhich js then maintained by supplying extra cyclopropane at 
intervals or as a continuous tncUe at the rate of about 50 c c per 
minute The reason why this additional anaesthetic is required is 
explained on p 172 

The average percentages of cyclopropane in the mhaled mixture 
which would produce unconsaousness light anesthesia moderately 
deep surgical anesthesia and respiratory arrest respectively are 5 10 
20 and 40 but such figures must be taken merely as helpful indications 
of what may be expected in the average patient for as with all 
narcotics the administrator must be guided by the reactions of the 
individual patient and not by rule of thumb 


Read also 

Robbins B H 1940 Cyclopropane Anestheua Baltunore 
\\aters R M 1936 Brit med J 2, 1013 

Waters R M andSclmvdl E R 1934 ] Amer med dss 103 978 
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CHAPTER XXI 

PRELIMINARY APPROACH TO DENTAL 
ANAESTHESIA 

The preparations preliminary to dental anassthesia considered here 
should be observed in every case whatever anesthetic is to be given 
The importance of elimination of apprehension in the attainment of 
smooth anjesthesia with nitrous omde has already been dealt with 
Bj the time the patient amves at the dental surgery premedication 
if any has already been gii en For an ambulatory patient this will 
be only mild and attention to details calculated to put the patient at 
his ease constitutes psychological treatment which is of great additional 
\al«e 

The punctuality of ail concerned in the operation is important 
The patient should be told to amve in plenty of time If he leaves 
his business late and rushes to have his tooth out he is always flustered , 
if delayed in a traffic block he develops exaggerated imtabihty It is 
preferable for him to plan to amve ten minutes before the extraction 
IS due, so that he will have an opportunity to sit down, to relax, and 
to read his out of date Punch The dentist and anasthetist also should 
make a point of punctuality A nervous subject may work himself 
mto a panic if he is kept waitmg after the tune appomted for the 
operation, and delay may easily give the patient the impression that 
his operation is not considered important 

Before the patient is shown uito the dental surgery he should be 
given an opportunity to empty his bladder Dunng tunes of mental 
tension, urme is secreted freely, and the discomfort of a full bladder 
may add to a patient's anxiety This precaution is also of practical 
importance, since during anaesthesia the bfadder, if fuff, may 6e 
emptied mvoluntanly 

The dental w ork to be done should have been determined, if possible, 
at a sittmg before the day of operation, so that tune is not spent in 
makmg an examination, and planning the extent of the extractions 
on the spur of the moment 

Everything should be ready for the operation before the patient 
enters the dental suigery The forceps necessary for the extraction 
should have been sterilised already, and be set ready , covered vnth a 
stenle towel out of the patient's sight. 
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The anesthetist’s apparatus al*^ should be ready It is often 
inspected bj the patient from sheer cunosity and should be immacu- 
late always Before it is brought mto the dental surgery empty 
cjhnders should ha%e been replaced by full ones, and it should never 
be nece‘:«ar5 to change cylinders m the presence of the patient 
Cyhnder valves should work smoothly and noiselessly, and the 
administrator should be certain that he has a sufficient supplj of 
nitrous oxide and oxygen The anaesthetist s instruments should 
have been stenlised after his previous case, and although they need 
not necessarily remain stenie they should be clean and ready for 
immediate use \tTien he enters the dental surgery the anaesthetist s 
only necessary preparations should be to open his bag and to wa^h 
his hands 

Impressions made by one person on another m ordinary civil life are 
apt to be accentuated at such a time as this After the introductions 
have been made, the anaesthetist should u«e any device be thinks 
legitimate to remove a patient s appreliension, although if he is 
inexperienced in dental antesthesia he may be far from feeling the 
confidence which it is neces«ary for him to instil mto the patient 
He should make every effort to show the patient that he has control 
of the situation Although the anxsthetist should be gentle and 
kind. It IS a wise policy to be firm Anticipated difficulties should 
not be discussed , the magnitude ot the surgical undertaking can 
be dilated upon after its achievement, not before the ansesthetic 
IS commenced* 

With the object of ensunng that all impressions made on a 
patient shall be pleasing, some ansslhetists apply scent to the nose- 
piece Certain patients, j»rticubrly children or nervous women, find 
that the smell of the scent is welcome and helps to divert attention 
to happier thoughts On the other hand a few strongly object to 
scent *ome, indeed, dislike it even more than any other feature of 
the anarsthetic Once scent has been applied to a nose- or face- 
piece, it IS almost impossible to dispel all traces of it, and for this 
reason we have abandoned its use for the sake of patients who find 
<ccnt repulsive 

The arucathetist tmisAhe. ^rejpaxeri tn Cmii snma tea.bu:'! abmit. u-kunh. 
Jus patient is sensitive and must take special care not to draw attention 
to it For instance, a surprising number of people wear wngs, and as 
a rule the wearer of a vvjg is extremely conscious of it and fears that 
It will be disturbed, or obviously noticed The dental amesthctist 
therefore should take particular cate when applying the nose-piecc that 
neither he nor any part of the apparatus should touch the wig A 
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patient's awareness of his wig is often revealed during recovery from 
anassthesia, when almost inianably his first action, often before full 
consciousness is attained, is to raise his hand to adjust it 

As soon as the patient is settled m the dental chair he is told to 
blow his nose so that it will be clear of any obstruction Dentures 
should then be taken out, and any tight dothing loosened A man is 
usually more at his ease ivithoat Jus collar on these occasions, and its 
removal may at least prevent the embarrassment of his leavmg the 
surgerj' wth a blood spattered collar 

Examination of the Patient 

For reasons given (p 322) we do not approve of a routme examina- 
tion before anassthesia in the dental surgery Various tests have been 
devised to assess the functional condition of the heart, but the only 
ones whidi we find reliable are those which give an indication of the 
vital capacity of the lungs Cardiac decompensation is accompanied 
by diminution ol the vital capacity which, when reduced to 40-70 per 
cent of the normal, is shown chnicaJly bj dyspnoea on moderate 
exercise The vital capacity can be measured by a spirometer, but a 
satisfactory evaluation of it and therefore of cardiac efficiency can 
be formed more simply by carrying out Henderson s breath holding 
test * * After a moderately deep inspiration a healthy subject is 
able to hold his breath for 45 seconds Inability to hold the breath 
for longer than 15 seconds should be taken as evidence of cardiac 
insufficiency of a degree which makes it undesirable that the Oj 
percentage in the inhaled mixture should be reduced below 20 


POSITION OF THE PATIENT IN THE 
DENTAL CHAIR 

The patient should be allowed to sit m the attitude he finds most 
comfortable Provided this is reasonably good, it need not be altered, 
since he is more likely to go off to sleep peacefully m a comfortable 
position than m any other Generally, however, it is necessary, in 
order to have his hips well back, to ask him to " make himself tall ” 
m the chair The neck-rest should then be adjusted to fit the nape 
of the neck, and the patient s head, neck, and trunk should be approxi- 
inately in a straight line The head rest should be firmly fixed, since, 
if it slips down, the head becomes over-extended Any such sudden 
change m position during the course of operation may lead to operative 
difficulties and to dangers 
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the patient is in thfc> position respiration is free and the 
head easy to control Notice t 

1 Hips \\ell back in 
the chair 

2 Head, neck, and 
chest m a straight line 

3 Head rest fitting the 
nape of the neck 

^ 4 The legs and feet in 

the position usually adopted 
when sitting 

5 The patient js re- 
laxed 

6 The fingers are inter- 
locked As an altemati\e 
one hand can be held inside 
the other 

7 A strap is around 
the pelvis 

The position of the legs 
IS not of great importance, 
provided the patient does 
not obtain a purchase with 
them against the foot rest 
If he sits down with his 
r,o 61 crossed, and finds this 

attitude most comfortable, 
there is no real reason for asking him to uncross them Occasion- 
all> after this position when consciousness returns the patient finds 
his leg lias " gone to sleep this effect is only transient, and full 
recovery of power is attained within a minute or two 

A patient "ometimes seems at a loss as to what to do with his 
hand* and can be advi«;ed to hold one hand inside the other Some 
ana-stheti'ts think it best with a patient likely to be obstructive, to 
ask him to mtertuine lus fingers This is suggested with the idea 
that if after anasthesia is begun he is disposed to struggle, be may 
have difficult) in disentangling his own fingers A very nervous 
patient often wishes to hold someone s hand Tins may give bun 
comfort, and sfiould be allowed but the hand should not be the 
ansstbetist s because, when losing consciousness, the patient may gnp 
so tightly tint instant ducngdgemCTrt of the hand may be impossible 
Tlie nur'ic or dentist w ho*-e hand is held should know that the patient’s 
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gnp may become tight enough to be very painful, and that a female 
patient wth sharp fingernails may dig them into the hand she holds 

Use of a Strap 

The use of a strap is not a confession of weakness, but -a sign of 
expenence There are tuo conditions m which it should be regarded 
as essential 

(1) For the difficult patient, the so-called “ ansesthetic resistant " 
type who is apt to struggle during light anjcsthesia and may then 
slip mto a position inconvenient for the operator (fig 62), or develop 
opisthotonos (fig 26, p 1 16) if a strap is not used , and (2) for a dental 
operation \v hich it is expected \\ ill be difficult or prolonged to v\ hatev er 
type the patient may belong 
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If a strap is not used the patient may 'hp down m the chair 
Valuable time and energy* will be spent m hoisting him mto position 
agam and m holding the jan forward and up to prevent respiratory 
obstruction (p 261) and to allow the dentist access to the mouth 
The amesthetist’s hands soon become exceedingly tired, and neither 
hand is free to mop the site of operation, nor to make anv’ adjust- 
ments to apparatus 1\Tien the patient's pelvas is fixed by the strap, 
he IS so steadied that his head can easUj'’ be kept m position on the 
headrest, and although he may stru^Ie or relax, he will not slip 
down in the chair In the great majonty of cases tfie strap is entirely 
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unnecessary, but should be used alwa3rs when it might prove of value 
Often the difficulties -vshich vull be encountered either m anesthesia 
or in the operation are under-estunated and anesthesia has unex- 
pectedly to be prolonged In such cases if a strap has been applied 
as a routme measure, the help it gi\es uiU be found invaluable 

The patient's permission to apply a strap should not be asked 
but the reason for its use should be explained to him As soon as he 
IS in a good position the anesthetist tells him that he is to be given 
a peaceful anassthetic dunng which he will relax and therefore will 
tend to slip , to prevent this he wU be supported by a strap round 



I ic 63 — Strap loosely applied before Fic 64 — Strap l ghtened after a 

inductjoB Tlie strap » placed round the the^ » cstahltshed 

peltis so that wheo It IS tightened it does 
not lestnct respiration 


Tlie strap should not be tight while the patient is conscious but as 
soon as consciousness is lost and before the dentist begins to opente, 
it should be tightened firmly 

If the application of the strap is managed properlj , the patient 
rarely protests against it If there is any objection it is much better 
to let the patient lia>e his own way and to dispense with it since 
otherwise he may feel that be is being forcibly restrained This idea 
ma) rouse antagonism and make him liable to struggle during induction 
The apphcation of a strap here can be deferred until the patient is 
unconscious but it must be remembered that some patients become 
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turbulent early and slip before there is an opp>ortunity to put on 
the strap 

As coon as the patient is properly settled the teeth to be extracted 
are pointed out and then the mouth inspected for crovras or other 
delicate structures so that these will not be mjured if a Mason s gag 
IS used The prop is then put into position care being taken not to 
open the mouth too wdely since this makes the patient uncomfort 
able and nasal respiration difficult (p 262) Adjustment of the 
chair should be made either before the anaesthetic is begun or after 
the patient is anaesthetised Mo\ement of the chair dunng induction 
IS hable to initiate mental disturbance which may result m violence 

Beyond telling the patient to blow the gas away through your 
nose it IS a mistake to give him specific instructions as to how he 
should breathe If he asks for instructions however these should 
be gI^en and they should be simple and definite He is told to 
breathe perfectly naturally and that the ansathetist wU adjust 
the anaesthetic to the respirations No impression of hurry should 
be given at any time during the procedure but time should not be 
lost unnecessanly before beginnmg anassthesia 
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NITROUS OXIDE 


physicaI/ properties 

Nitrous o-wde (NjO. “ laughing gas ") is a colourless gas uith a faint, 
not unpleasant, smell and a slightly sweet taste The gas has a density 
of 1 5 , 1 e it Is one and a half tunes as heavy as air It is prepared by 
heating ammonium nitrate to C 

NH«N0a-<'N,0 + 2H3O 

After removal of impunties. the gas is dned with great care, com- 
pressed, and filled into cylinders Nitrous oxide condenses to form 
a colourless liquid at O’C at a pressure of 30 atmospheres Tiie 
pressure in the cylinders at normal room temperature is 650 lb 
square inch (= 40 atmospheres) A pressure gauge attached to a 
cylinder of NjO to shoiv the pressure of the gas within is no guide 
to the amount which remains m the cylinder, because the pressure will 
temam. constant until all the liquid 
IS \aponsed. when, if the valve 
of the cylinder is left open, the 
pressure suddenly falls to zero An 
accurate estimation of the quantity 
of NjO remaining m a cylinder 
can be made only by weighing 
the cylinder and contents Fifty 
gallons of NjO weigh 15 ozs Since 
its weight when empty and full is 
stamped cm CNery cyhnder, it is 
Simple to calculate the N.O content 
The stamp on the cylinder illus- 
trated shows that when empty (E) 
It weighs 15 lb 13 ozs , and when 
full (F) 19 lb 9 ozs If a balance 
is not avadable, a \ ery' rough estimate 
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of the cylinder contents may be obtained by tapping the cylinder 
mth a metal spanner An empty <g:lmder gives out a high pitched 
note , one contammg hquid NjO a dull note 

In contrast, it should be noted that oig^gen m cylinders is in a 
gaseous state In this country oxygen cyhnders are filled to a pressure 
of about 120 atmospheres or 1,800 lb per square inch A pressure 
gauge mdicates accurately the amount still remaining in an oxygen 
cyhnder, since, as the oxygen flows away, the gaseous pressure falls 
The oxygen content of a cyhnder therefore can be estimated if its 
capacity when full and the pressure of oxygen withm it are known 
Thus, if the pressure of a cylinder which contains when full SO gallons 
of oxygen registers *10 atmospheres pressure, the contents of the 
■40 

cylmder wnll be x 30 = 10, gallons 


GENERAL CONSIDERATIONS 

Nitrous oxide, the first anjesthetic to be discovered, has retained 
its popularity because of its safety, the quick recovery, and lack of 
after-effects which follow its use, and because it is the onlj. inhalation 
anesthetic in common use which is non explosive The safeness of 
NjO IS dependent upon its lack of potency It is the only anje'^thetic 
which IS administered with a lower percentage of oxygen than exists 
in the atmosphere Nitrous oxide given with 20 per cent x»f ox>gen 
will not only not cause death, but will scarcely produce unconscious- 
ness In contrast, evipan can cause death even v^hen a patient is 
breathing 100 per cent ox} gen, so can ether \ apour or cyclopropane 
administered with over 50 per cent oxygen To an*sthetise an 
average patient with NjO alone a certain amount of asphyxia must be 
deliberately induced , and, indeed, overdosage is nothing more nor 
less than an undesirable degree of asphyxia The sight of a cyano'ed 
and possibly jactitating patient is so alarming that it prev ents ev en the 
inexperienced an'esthetist from being too venturesome with this anaes- 
thetic Quick recovery after NjO anaesthesia and freedom from after- 
effects are due to the rapidity with which the oxygen lack element 
of the aniesthetic is alleviated as «!Oon as the mask is removed from 
the face 

Useful as N^O is, if has its limitations and these are imposed aLo 
by the factor responsible for its safeness, i e its lack of potency Tins 
gas alone cannot provide good mu'^cular rehxation, nor is it potent 
enough to subdue a markedly anaesthetic-resistant patient unless he 
has been strongly premedicated or unless the oxjgen intake is reduced 
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SO much that asphyxial movements make operating difhcult Never- 
theless NjO li quite suitable tor almost all minor operations, and is the 
anesthetic of choice for dental surgery in the ambulatory patient 
Successful administration of depends largely on the expenence 
and technical skill of the an«esthetist, but proper premedication is 
aUo important, and sometimes supplementarj anassthesia with 
pentothal, evipan, or ethyl chloride is necessary Success certainly 
does not depend upon the use of any particular machine Perusal of 
commercial advertising literature suggests that the most important 
factor IS to purchase a certain machme, after which all that remains 
to be done is to apply the nose piece, adjust the oxygen percentage 
as directed, turn on the flow of gases and allow the dentist to proceed 
Some makers state that a required depth of anesthesia can be obtained 
by givmg a specified mixture of NjO and for a prescribed length of 
tune It is disappointing that the apparatus does not include an auto- 
matic forceps uhich would deal equally well with loose mci^ors and 
impacted wisdom teeth ' Reliance should not be placed on a machine 
merely because it is accurate, elaborate, and expensive Even the 
best machmes are only a mechanical convenience to the anresthetist 
In the dental surgery good anesthesia can be obtamed by the use of 
an apparatus consisting of a cylinder of gas, a rebreathing bag, rubber 
tubing and a nose piece If the an'esthetist cannot obtain satisfactory 
results using such apparatus it is very unlikely that he will obtain 
better by means of the more complicated machines on the market 
Tins book refers to the use of NjO only m minor surgery, and the 
particular emphasis laid upon the weakness of the anaesthetic properties 
of this agent may be thought to imply that it can never be used success- 
fully for major surgery Such use is indeed possible, but to obtain 
good results the effect of NjO must be reinforced by powerful premedica- 
tion, by basal anesthesia or by some other method of reducing the 
patient to a C3 condition, e g by the secondary saturation ” 
technique of 'McKesson’'* The use of N^O for major surgery is 
fraught wath disappomtment if the technique is not carried out boldly, 
and, if the anesthetist is inexpenenced, with danger if it is 

The essentials of the use of NjO for minor surgery will be dealt with 
here by descnbmg its application in the dental surgery 

APPARATUS FOR USE IN THE DENTAL SURGERY 

Tlie apparatus described m this chapter is that which wc have 
used for some years both in private and hospital practice 

The handle of Macintosh s bag is placed out of centre so that the 
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j« lifted the apparatus ib wthdrawTi from behind the leather partition 
After the tray is replaced the apparatus is ready for use Tliese 
preparations can be completed ivithm ten seconds of the cide catches 
being released 

The contents of the tray are 

1 set of 6 Trewby props 

2 de Pass props 

1 central swivel prop 

2 Fergus'ion gags 
fc 6 average size bleached, 

coarse-meshed, marine 
^sponges ivith tapes attached 
T 6 mouth packs 
. I tongue forceps 

2 bottles of ethyl chloride 
The oxjgen bag is contained 
within the bag for NgO Unless 
the Og bag is over-distended, the 
pressures within the two bags 
wU be approximately the same 
When the handle of the 
Macintosh’s mixing chamber* 


IS in the position 
illustrated, the Og bag 
lb cut off and the NjO 
port IS fully open As 
the handle is moved 
upwards, an increasing 
percentage of Oj is ad- 
mitted When the 
handle is in the half way 
po'ition 20 per cent 
owgcn la admitted and 
•.w 

(dotted line) the Og port 
IS fully open and that of 
NjO closed This ar- 
rangement permits fine 
graduation of the Oj 
scale up to 20 per cent 
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Trewby s nose piece is made of metal A rubber rim may be 
attached but ^^e do not use this since some patients find the smell 
of it objectionable Care must be taken not to pre&s the nose piece 
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douTi heavily on the bndge of the nose because this may cause pain 
after recovery The moutli piece should be of rubber so that a gas 
tight junction can be ensured even in patients with hollow cheeks 
The nose piece is in permanent communication ivith themixmg chamber, 
but the inlet to the mouth piece is automatically closed or opened as 
the latter is rotated away from the mouth or forwards to co\er it 
The mouth should be co% ered only if the patient is mouth breathing 
Once nasal respiration is establish^ (p 200) the mouth piece is rotated 
awav leaaing the mouth free for the operator 

The cj hnders — The c> Under valve may have either a coarse or 
a fine thread Whenacjlmder the valve of which has a coarse thread 
is turned on the gas may rush out with an explosiv e noi e disconcerting 
to the patient operator and ansesthetist \alves with fine threads 
(p 309) are essential if a •smooth flow of gas u. to be obtained M ith 
these the foot can easily control the rate of issue of the gas from the 
cvlmder Nitrous oxide and oxjgen do not detenorate with keepmg 
but cjimders of these gases should 1:« stored m a place remote from 
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hot pipes or furnaces because any nse of temperature may increase 
the mtemal pressure so much that they may burst Although the \ alve 
will not leak if it has been properly turned off a NjO cylinder which 
has been stored for some time should be ^se!ghed before use to verify 
that it has not become empty as a result of a slow leakage 

Advice on the use of the apparatus — ^Before anaesthesia is 
begun the anesthetist should make it part of his routine practice to 
observe the foUowmg pomts 

1 The apparatus should be inspected to be sure that it is spotlessly 
clean that the bag and cylinders are properly connected and that the 
equipment m the tray is complete 

2 Anassthesia should never be begun when a cylinder in the 
apparatus is knowm to be empty The ansesthetist should be satisfied 
he has sufficient gas to conclude the anaesthetic Fear that the gas 
may run short disturbs the anaesthetist s self assurance and an 
attempt to economic gas may rum an anastbetic 

3 At the end of an operation any cylinder which has been emptied 
should immediately be replaced by a full one The apparatus is tl en 
always ready for use on another case 

4 Full cylinders when delivered have a complete paper baid 
gummed round the middle When an empty cylinder is replaced by a 
full one the band is at once scraped off the one in use 

5 The anasthetic should always be begun from the cylinder partly 
used — 1 e from the one with the tom band — and this cylinder used 
until it is empty In the apparatus illustrated (fig 69) the ansesthetist 
then always has over 100 gaUons of gas available at the beginning of 
every operation 

6 The fibre washers between the cylinder and the gas union become 
compressed and lose their resiliency through constant u'e They 
should be changed from time to time to prevent leakage of gas when 
the cylinder is turned on 

7 The footkeys of the cylinders should be turned slowly to verify 
that the valves are working sweetly A gentle flow of gas should 
emerge from the nose piece before this is put over the patient s nose 
It IS embarrassing to adjust the nose piece then to turn on the footkey 
and find that gas does not escape until as one continues to turn the 
key a large flow of gas suddenly commences with much noise 

8 The position of the indicating handle on the mixmg chamber 
should be verified If it has been left after the previous case m a 
position to deliver 100 per cent oxygen and its position is not changed 
before the NjO supply is turned on the bag may become very distended 
with NjO which cannot e^pe before the error is noticed 
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9 The cylinders should be arranged so that they are Mathin easy 
reach of the left foot It is difficult to control a footkey from an 
a\\k\\ard angle, and an attempt to do so maj result m deli\eTy' of an 
une\ en flow of gas In addition, the difficulty of turning off or increas- 
ing the flow of gas may divert the anasthehst's attention from the 
patient to the cylinders 


COMMON ERRORS IN THE ADMINISTRATION OF 
NITROUS OXIDE AND THEIR AVOIDANCE 

The specialist witli con-'iderable expenence m anaesthetics en- 
counters v’anous difficulties often that he learns how they arise and 
how they may be avoided or overcome The general practitioner who 
gives nitrous oxide only occasionally may not recognise the reasons 
for failure in a particular case, and therefore cannot leam much from 
it This chapter includes mformation found to be in our expenence 
of practical value in providing smooth anesthesia and good working 
conditions for the dentist 

Failure to maintain an unobstructed airway throughout anffistheeia 
IS the most frequent cause of difficulties wntb NjO as with other agents 
Ev ery respiration should be seen or heard , if more than one breath 
IS missed the cause should be investigated and the operation interrupted 
until normal breathing is resumed Observance of this rule would 
prevent the development of most of the alarming 'situations in NjO 
aniBsthesia in the dental su^ery 

A beginner often provides " swnnging ” anjesthesia, le instead of 
mamtaimng a steady level of anaesthesia, he first so depmes the 
patient of O, that deep c} anosis and jactitation occur, and then, becom- 
ing alarmed by this picture, administers too much Oj thereby making 
a quick change from deep to very light anesthesia Alternation 
between deep andhght anesthesia contmues throughout the operation 
Such ana^thesia leads the dentist into difficulties* , jactitating move- 
ments hmder his work, but if he is m a huny' or is ineKpenenced he 
may try to extract because at this stage the patient is obvaou'ly 
unconscious However, when the anaesthetist “swangs” to light 
anaf«the<:ia the surgical stimuli usually initiate mouth-breathing which 
leads rapidly to still lighter anesthesia The beginner then abruptly 
depnv es the patient entirely of O, once more until signs of asphj'xia 
reappear 

This error occurs because the aniesthetist does not make changes 
m the anesthetic mixture early enough It can be avoided if it is 
13 
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lememberetl that the patient s iespoiv« to an ancesthetic mENture is 
not instantaneous The latent penod must be allow ed for In nitrous- 
oxide anassthesia it is about 10 seconds E\en if oxygen or air is 
given instead of NjO at a tune when the patient is already cyanosed 
he will continue to show signs of oxygen-lack for about 10 seconds, 
1 e until the oxygen has diffused into the cajSiUanes of the lungs and 
has circulated penpherally There is asimilar lag m the other direction 
Hence, if oxygen is continued until signs of light anssthesia appear, 
even though the supply of Oj is then cut off, aniesthesia will lighten 
further, sometimes embarrassingly, because of the Oj still m the lungs 
The anasthetist therefore has to learn to forecast at any time what 
the patient s condition will be in a further lO seconds and to make 
suitable adjustments to meet an oncoming change For instance, 
dunng induction of anresthe«ia he must not wait to introduce Oj until 
asphyxial signs appear, but must add a suitable quantity at a time 
he considers to be about 10 seconds before asphyxial signs would 
develop if the unchanged mixture were continued TTie same pnnciple 
IS applied when signs of lightenmg anaesthesia appear 

This of course does not apply when the anajsthetist gives oxjgen 
because he is alarmed about the patient s condition Its admimstra* 
tion should then be continued until there u. e%ndence of its having 
entered the circulation 


PREVENTION OF DISCOMFORT DURING INDUCTION 
OF ANiESTHESIA 

One of the commonest complamis after an anaesthetic has been 
gi\ en badly is that there was a feeling of suffocation dunng induction 
This exceedingly unpleasant sensation can easily be prevented There 
is a common mi'iapprehension that it is due to lack of oxygen m the 
inspired air That this is not *^0 is shown by these facts a degree of 
oxjgen-lack which leads m a nonnal individual to cyanosis cm be 
produced without discomfort by careful administration of KjO alone, 
and jet a feeling of suffocation can be produced by administenng pure 
Oi under pressure The reader can easily \enfj for himself the pnn- 
cipal causes of a feeling of suffocation These are as follows 

1 Interference with the Mechanics of Respiration 
(a) Occlusion of the mouth by the aniesthetist's hind or bj a 
Paterson s mouth-co\ er * w hen the patient attempts to mouth breathe 
This practice is indefensible An apprehensive patient tends naturally 
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to breathe through his mouth during induction of amesthevia, and if 
he IS pre\ented from domg so and a feeling of suffocation thereby 
produced struggling becomes instinctive and a smooth induction 
impossible This cause of a feeling of suffocation can be \ erified by 
breathing through the mouth and then placmg the hand firmly over 
the open mouth so making attempts at inspiration meffective It is 
well appreciated when testing the efficiency of tfie outlet val\e of 
a service respirator by occluding the inlet \alve and then attempting 
to m'ipire if the \ alve is effiaent the effort is ineffectiv e and pro\ okes 
an oppressive feeling of suffocation 


riG ~A — A mottth-cover stmitar to Fic To— -The taouth cohered tbe 

Patersons jn use Tbe one tray valve anaesthetist s hand 
allows of expiration and prevTnts in 
spiration 

yetUter of these methods slotiU ever b< used to make a paiiesit breaths H rough his nose 

A nose piece is of course, used throughout, and for a patient 
who IS mouth breathing a mouth piece should be used which delitcrs 
NjO so that there is no resistance to hia attempts to inspire 
Trewbys apparatus (p 191) in the best available If the adminis- 
trator has a nose piece but no mouth piece, he can induce with an 
ordinary full face piece until surgical anxsthesia is reached and 
nasal respiration (p 200) established Tlic face-piece then can be 
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replaced by the nose piece and the ansesthetic continued wth NjO 
given nasally 

(fc) Delivery of gas under considerable positii e pressure unth the 
nose piece or face piece closely applied and with the expiratory valve 
closed This produces a feeling of distension and suffocation, indepen- 
dent of the nature of the gas given Discomfort i» especially marked 
during expiration The discomfort of expiration agamst pressure is 
appreaated when testing the inlet valve of a service respirator Tlie 
outlet valve is then occluded and an attempt made to expire If the 
inlet valve is functioning satisfactorily, air cannot pass out and expira- 
tion IS impeded The suffocatmg sensation is as marked as from efforts 
to inspire from a bag already empty 




(c) Occlusion of the nares by the lower border of the nose piece 
(fig 76) This can occur if the nose-piece is allowed to nse a little 
instead of being kept down on the upper lip Good advice to beginners 
is ” Keep the chin up and the nose piece down (fig 77) 

2 Inhalation of Pungent Vapours 
A suffocating sensation from this cause is most marked from 
strong ether vapour given early during the induction of amesthesia 
This factor, which has no application in the administration of NjO m 
the dental surgery, need not be further considered here 
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3. Psychological Disturbances 


Many people feel suffocated 
if even a detached face-piece, 
which permits free inspiration 
and expiration, is placed Ughtly 
over the nose and mouth For 
these patients an explanation 
that there wall be no resistance 
to respiration may not suffice, 
and if anastithesia is to be induced 
with NjO, the nose-piece should 
be held off the nose until con 
sciousness is lost The best 
method, however, is to induce 
anaesthesia with pentothal so 
that nothing need be put over 
the face until consciousness is 
lost 


INDUCTION OF ANAESTHESIA WITH NITROUS 
OXIDE GIVEN NASALLY 

” As goes induction, so goes the aiuesthetic " This saying em- 
phasises the importance of aiming at smooth induction It is well 
known that if a person inadvertently finds himself m an atmosphere 
dewid of Oj for instance at the bottom of a well or m a coal-mine or 
at the bottom of a ship, he suddenly loses consciousness without any 
preceding unpleasant sensations If the air in a room could be replaced 
either suddenly or gradually by N.O, the occupants would become 
unconscious without realising that anything untoward was happen- 
ing The perfect induction of an-esthesia, as far as possible, should 
be equally smooth Usually the patient closes liis eyes as soon as 
he is settled, and if the nose-piece is then held about 1 inch away 
from his nose, and not lowered until consciousness is lost, he may 
not e\en reabac that he is mhalmg the anaesthetic He then re- 
covers consciousness to express surprise that the operation has been 
completed "because," he asserts, "nothing has yet been put over 
my face " 

However unemotional and self-confident a patient may be, when 
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he submits to anesthesia he feels that he is givnng himself into 
the anesthetist's care and is grateful for sympathetic rea’^surance 
As induction is begun, the 
anesthetist, both by touch and 
speech, makes contact «ith the 
patient and maintains it until 
consciousness is lost During 
induction, the ana?sthetist rests 
his left hand lightly on the 
patients left shoulder and sajs 
" Non I want you to relax these 
muscles and then you will go to 
sleep more comfortably ’ When 
this remark i> made, the shoulder 
girdle will often drop and the 
patient relax This change is 
commonly seen m the nervous 
patient who sits down in the 
dental chau- with his muscles 
taut 

Durmg induction the patient 
is particularly suggestible The 
anaesthetist can encourage (he 
idea of relaxation which should be instilled from the beginning, 
and should repeatedly assure the patient that he is doing well 
Anaesthesia usually can be induced smoothly ui a calm patient who 
sits naturallv in a relaxed position m the chair , similarly, it is 
found that if a patient can be made to relax, he becomes more peace- 
ful and induction is correspondingly facilitated The auTSthetist 
should keep up, in a matter-of-fact voice, an almost continuous 
monologue calculated to be encouraging The antesthetisl may feel 
that his talk is monotonous since he repeats it every time ho gives 
an anarethetic It is not, however, monotonous for the patient, who 
IS made to ^eall^e that he i> havong undivided attention Frequent 
use of such words as ' relax," *' sleep," and ' armchair " is an aid in 
accoji}p}}sh!!}g peaceSui }tK}uction It must be remembered that the 
patient is undergoing an unfamiliar, and sometimes an unpleasant, 
expencnce, which, at the back of his mmd, may well be associated 
with thoughts of the po>sibihty of death The amesthetist should 
continue the monologue until the patient is sound asleep, for if the 
latter is aware of its cessation he may be disturbed, thinking that 
this indicates that the operation is about to commence There i-> a 
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cntical moment m induction of aniesthesia, particularly \uth NjO, 
uhen a little encouragement, a kind word, and a pat on the shoulder 
wll make all the diflerence between stnigglmg and violence, and quiet 
induction This period may extend only for the time taken by one 
or two breaths 

If the patient begins to struggle dunng induction, he should be 
opposed only as much as may be necessary The nur^e should not 
take the mitiatiie and forcibly hold the patient down before there is 
need for restramt, since struggling then appears as a natural response 
In an> case restramt need be concentrated onI> on keeping the 
patient s handa still, *^0 that he cannot reach up and pull the apparatus 
off his face 

The last sen«e to be lost dunng mduction of anesthesia is that of 
hearing , it is also the first to return during reco\ ery, so that unguarded 
remarks should not be made dunng induction or as the patient returns 
to conscioumes*! Before surgical anaesthesia is established a patient 
passes through a penod dunng which he may respond to auditory 
stimuli of which he has aften\ards no recollection For instance, if 
the anjesthetist informs the dentist that he can begin, the patient, 
previously motionless, ma> raise his hand as if to indicate that he is 
not yet unconscious, though on recovery he does not remember the 
remark or his response to it Tlie existence of this state can be 
demonstrated expenmentally 

Gas IS given nasally and an onlooker counts the 'seconds aloud 
The an'esthetist asks at irregular intervals, ‘ Can you hear me 
now ’ ' and the subject responds by raising his hand Consider- 
able discrepancy will be found between the last number the subject 
remembers hearing and that at which he last responded 

Dunng induction the anesthetist and dentist should not converse, 
nor should there be any rattling of instruments or obvious preparations 
for the operation In particular the dentist must not stand ready 
over the patient, forceps in band, anxious to start at the earhest 
possible moment, and for nervous patients who often keep their e^es 
open during induction, the doitist should make a 'Special point of 
standing wth his back to the patient so that the latter does not feel 
the dentist is humed or waiting the earliest opportunity to begm 
extractions 

Just before induction is b^un, nitrous oxide is turned on 
gradually and the pressure in the breathing bag increa-ed until a 
gentle flow of gas emerges from the nose-piece which is lowered to 
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wnthm i inch o{ the patients nose Positive pressure of ISjO is 
essential since otherwise the concentration of gas over the nose would 
not be high enough to produce unconsciousness Ideally the nose piece 
should not touch the face until consciousness is lost becau«e many 
patients dishhe having something put over the face The 'light 
gap between nose piece and nose is also of importance suice it allows 
any excels pressure in the bag to be dissipated and thus prevents the 
feeling of suffocation which othereise would anse if the expiratory 
lahe were not adequately open 

Except for a very frad or an an*mic patient it is not desirable to 
give oxygen until anassthesia is attained Nitrous oxide alone is no 
less pleasant to inhale than a mixture o! NjO and Oj and the latter 
means an unnecessary prolongation of the induction period which may 
be unpleasant for the patient It is advisable to hasten the robust 
mdii'idual through the period of induction and potential dehnum as 
rapidly as possible and even after reaching the desired stage of ames 
thesia it IS wise to continue 0, deprivation for a few seconds before 
bghtenmg antesthesia to the desired level by addition of 0 to the 
inhaled mixture 

ESTABLISHMENT OF NASAL RESPIUATION 

^lamtenance of surgical aniesthe«ia by means of nitrous oxide given 
nasally allows the dental surgeon free access to the mouth This 
method sometimes referred to as continuous gas is now almost 
umversally employed for dental work even when only shdrt an-esthesia 
is required If this type of anesthesia is to be successful the 
patient s respirations must be entirely nasal Those unfamiliar with 
this method frequently express 'urpnse or even disbelief that it is 
possible to induce and maintain anjesths'ia b> nasal administration 
of NjO when the patient s mouth is propped open Induction with 
a nose-piece is m fact just as simple for the amesthetist as with a 
facepiece and is far more pleasant for the patient If mouth breathing 
ocuurs and the anaesthetist does not know how to abolish it the 
administration will be a failure He must learn therefore the causes 
of mouth, hreathm^ and. bnw. *jx eosjBC. x'ive.cynu. to cask. 
should It occur 

Mouth breathing a nervous phenomenon is a response to fear or 
excitement and is part of the fight or flight mechanism funda 
mentally its purpose is to improve theventilation of thclungs Remov al 
of apprehension IS therefore an essential measure conducive to nasal 
respiration TI ree facts sfould be apjaxiciatcd (i) at rest thcaverage 
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person breathes through his nose (u) in anxsthesia mouth breathing, 
if it occurs at all, is seen only during induction or in anesthesia too 
hght for the operation being performed , (ui) when the stage of surgical 
anKsthe^a is reached, respiration is entirely nasal If properly dealt 
with, nine out of ten patients can be persuaded to nose breathe 
continuously from the begmning It is not possible to be sure whether 
the patient is breathing through his nose or not until the nose piece is 
lowered on to the face 

A clinical observation made by one of us (R R M ) is that expiration 
through the nose mdicates that the patient is also inspiring tlirough 
the nose We have found this to be a valuable sign Bj using a 
nose piece fitted with a suitable expiratory valve expirations through 
it can be heard and the an?esthetist can then tell when the patient is 
breathing in through the nose Normally a person breathes m and 
out through his nose Under emotional stress he may breathe in and 
out of his mouth, or in through his nose and out through his mouth, 
but he never breathes m through his mouth and out through his nose 
The scmnd of ihe expiratory xalve on the nose-piece in action is therefore 
an indication that ihe patient is also inspiring through his nose 

If at the beginning of induction a patient is told ‘ Breathe through 
your nose,' he wall as often as not take a deep inspiration through the 
mouth > If, however, he is tpld “ Blow the gas awaj through jour 
nose," he readily complies wath this instruction and the nasal ex- 
piration IS automatically followed by nasal inspiration «o that 
"to and fro* nasal respiration is quickly established without the 
patient realismg it 

A cunous psychological fact is that a patient often fails to co operate 
in following mstructions if told that his owm comfort thereby wall be 
increased, whereas he is very likely to carry them out if told that they 
facilitate the anjEStheti«t’s work Thus, ‘ Now, I want you to help 
me by blowing the gas awaj through jour no^e It makes mj work 
so very much easier if you will do this for me is more hkelj to be 
successful than " I want you to blow this gas awaj' through the no«e , 
it will make things more comfortable for you ” 

If the expiratory valve is not heard when the nose-piece is lowered, 
It generally indicates that the patient is breathing m and out of his 
mouth Mouth-breathing during induction maj occur at the begin- 
nmg, when it is often po^^sible to establish no&e-breatlung bj givnng a 
few ‘!imple mstnictions, or it may occur m an apprehensive patient 
just as consciousness is lost, and he is then unable to respond to 
instructions WTien it occurs early the patient should be told to 
breathe out through his no'^e , if he obejs, na«al respiration v\iU be 
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established ithout the use of the mouth piece As soon as the patient 
IS carrjnng out the instructions properly, he should be encouraged by 
being told, “ That is magnificent, you have made my nork so much 
eacier Non gi\e six blows through the nose '' The expirations are 
counted, "One, two, three," etc, during nhich time &nsesthesia. 
becomes establn)hod 

If the patient is so unco-opcrative that he does not follow instruc- 
tioHi, or if he first follows them but later reverts to mouth-breathing 
just as consciousness is about to be lost, the attempt to induce 
anffisthosia by nasal administration alone should be abandoned Tlic 
mouth-piece should be applied at once, and not removed until surgical 
an^thesia is established, a//e« tl will be found that respiration is nasal 
Gas should be led to the mouth by means of the mouth piece as described 
As a rule, the patient is breathing deeply, so that anaesthesia is rapidly 
induced WTien gas is delivered through the nose and mouth jn this 
w a> . positn e pressure should be increased durmg inspiration to prev ent 
anj leakage of air mwards due to the nose- or mouth-piece not fitting 
w ell This can be assured by pressmg wtb the knee on the rebieathing 
bag dunng inspiration Any excess of gas is dissipated through the 
expiratory vahe, so that the pressure does not become uncomfortably 
bigb 

Another method of producing sutgical amesthesia m face of 
persistent mouth-breathing, and one specially useful m highly resistant 
subjects, IS to leave the nosc-piece sdu and turn up the napkin on 
the patient's chest «o that part of it covers the mouth, and on it to 
spray ethyl chloride until anaesthesia is established , the patient by 
then will have reverted to nose breathing, whereupon the aniesthetic 
IS contmued inth the no'^-piece only 

When the mouth-piece of the Trewby apparatus is applied, the 
expiratory valve on the nose-piece is at once beard to be functioning. 
This noise is then not a sign of nose-breathiRg, since the vah’e serves 
both nose-piece and mouth-piece As «oon as the anesthetist thinks 
that nasal respiration is re-established the mouth-piece is withdrawn , 
i! the sound of the expiratory valve still continues lus opinion is 
confirmed If the patient is fotmd still to be breathing through the 
mouth, howev cr, the mouth piece is at once reapplied and anssthesia 
deepened until, on withdrawing the mouth-piece and rotating it out of 
the way, nasal respiration i> found to be completely established Not 
until then should tlie operator be allowed to begin 

Although It IS seldom necessary to use the mouth-piecc, the ames- 
thetist should lose no time in applying it when its use does become 
neces-^rj Jfouth-breathing can occur at any stage of induction if 
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anything is done \\hich alarms the patient (e g if the position of the 
chair IS altered), or it can occur spontaneously in a nervous patient 
Once sut^cal anccsthesia is established, however, whether respiration 
remams nasal or becomes oral depends on the relation of the depth of 
unconsciousness to the seventy of thesurgical stimulus Nitrous-oxide 
ansesthesia hghtens rapidly if too much Oj is given, and the anesthetist 
must be on the watch for any re\ersion to mouth breathing Such a 
change is appreciated only during the administration of an anesthetic 
nasally, and it is then of particular importance If, during the course 
of a dental operation under nasal NjO, anesthesia is inadvertently 
allowed to lighten and the patient begms to breathe through his 
mouth, he will rapidly regain consciousness as a result of inspmng 
air To pre\ent this the operation must be suspended at once while 
the mouth is covered with the mouth piece until nasal respiration is 
re-established after which, provided anaesthe^la is kept deep enough, 
the operation can be continued mdefimtely 

The imminence of mouth breathing during an operation may be 
indicated by an expiratory wail, by movements of the head or limbs 
during extraction or by other signs of light anesthesia If mouth- 
breathing has not actually begun it is <«metiines possible at this stage, 
by delivering the NjO under increased pressure, to deepen aniesthesia 
again without having to stop the operation and cover the mouth If, 
however, the dentist contmues to apply strong surgical stimuli it may 
be impossible to pre\ ent the onset of mouth breathing If he should 
then have ‘ just one more try ” at the extraction, anssthesia may 
hghten sufhciently for the patient to become almost unmanageable or 
consciou« At the first suggestion of mouth breathmg a pau'^e of a 
few seconds, by the operator will allow the patient to be settled to a 
steady level of aniesthesia again and will make all tlie difference 
between a successful anesthetic and a fiasco Team work is essential, 
and the dentist must always defer to the anaesthetist’s request to 
suspend the operation until nasal respiration is re established 

The aniEsfhetisf «ifioufci always be prepared to deaf with mouth- 
breathing either during induction or light anaesthesia, and he should 
learn to recognise the ty’pes of patient who may give trouble in this 
respect These are 

1 The patient who keeps his eyes open when the nose-piece is 
applied 

2 The patient who breathes deeply and rapidly at the beginning 
of induction, often hunchmg up his shoulders m the process 

3 The patient who begins nose breathing regularly but then 
besitato and takes one or two rapid breaths 
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4 The patient, generally a \^oman. v.ho makes an expiratoij’ wail 
dunng induction 

WTien any of the above four signs are noticed the aniesthetist must 
be ready instantly to cover the mouth 

The anaesthetist must be prepared to meet occasionally vanous 
rarer difSculties which disturb induction even more than does mouth- 
breathing These are usually due to extreme apprehension and are 
often avoidable by premedication \Vhen they arise, the action taken 
has to be suited to the individual case tor the conduct of which no 
cet rules can be laid down In some instances it is advisable to postpone 
the operation and to arrange for ample premedication to be given 
before the patient comes to the sui^ery on a later occasion 

The patient, for instance, may move his head away or become 
hysterical when the nose-piece is applied The nose piece should not 
then be forced on him or a violent struggle may be precipitated, or, 
in a nervous woman or excitable child, even screaming At this early 
stage it IS much better not to attempt to adjust the nose-piece against 
the patient s will but to reason with him, showing him how he can 
assist m making the operation successful 

The patient at first may be co operative but may attempt to pull 
the apparatus off after a few breaths have been taken He may 
be unconscious already and beyond the stage where he can understand 
and obey instructions , the anaesthetist must then decide whether to 
stop and reason with him or to force the anaesthetic on him the 
decision being determined by the degree of unconsciousness which 
the anaesthetist considers the patient has reached 

Sometimes during induction if respiration has been deep and rapid 
for a sufficient length of tune so much carbon dioxide is washed out of 
the lungs that a penod of apnoea follows which may give nse to anxiety 
if the anesthetist does not realise its cause, and that normal breathing 
will be resumed as soon as the CO* concentration in the alveolar air 
rises agam to such a level as to stimulate the respiratory centre 
Apnosa therefoie occurs in patients v%ho breathe quickly and deeply 
dunng induction, thinking that this assists the anesthetist Tliey 
should be told there is no hurry and that breathing «hould be perfectly 
natural Unduly rapid respiration occurs also m the very' apprehensive 
patient, generally a woman, who begins, early in induction, to breathe 
at the rate of about sixty per mmute Such manifestation of extreme 
nervousness usually cannot be controlled by reasoning with the 
patient As respiration here is entirely oral the mouth must be 
covered from the beginning , both nose- and mouth-piccc must be 
applied firmly, and the pressure in the bag increased (to prevent air 



MTKOUS OXIDE 


20d 


leaking into the circuit) until the patient is deeply unconscious by 
which time the rate of respiration will have returned to normal 
This rapid respiration is as a rule, very superficial and does not then 
lead to apncea although it will do so if it is at all deep and continues 
for any length of tune 

A small problem but one of practical importance is presented by 
th” patient with a moustache since this may give nse to difficulties 
because of air leaks during both induction and maintenance of nasal 
anesthesia It is notonously difficult tagetthe nose piece to fit closely 
on such a patient and the consequent leakiirg-of air along&ide it tends 
to prolong induction and to disturb the maintenance of ansesthesia 
Difficulties can be overcome by dehvenng the gas under positive 
pressure so that air leaks cannot occur In fact adequate positive 
pressure m such a case is the equivalent of an airtight nose-piece 

MAINTENANCE OF ANAESTHESIA WITH NITROUS 
OXIDE GIVEN NASALLY 

The signs which mdicate when the patient is ready to be operated 
on are descnbed m Chapter VII Strange as it may seem it appears 
necessary to add that crying screaming and struggling proclaim 
unmistakably that surgical anaesthesia has not yet been reached ' 
Oxygen should not be added to the anasthetic mixture unless the 
patient is ansmic until surgical anasthesia is e*tabbshed Ox>gen 
IS then admitted to a sufficient extent to maintain a steady level of 
anssthesia The operation should not be begun immediately surgical 
anesthesia is reached, since the aniesthetist should first disco\er by 
trial roughly what is the correct mixture necessary to mamtain anas 
thesia at the desired Ie\el To prexent waste of time while this trial 
IS bemg made the strap can be tightened round the patient s pelvis 
and the mouth packed off xvith a sponge or pack 

There is no rule-of thumb guide to the mixture of gas and oxygen 
which a patient should be given The only guide is his response to 
the mixture he is already bemg given Nitrous oxide with, say 12 
per cent oxygen may cause respiratory depression m an amemic 
person jet may scarcelj produce unconsciousness in a plethonc 
individual The degree of anoxicmta by w Inch NjO must be reinforced 
to produce unconsciousness no more follows a set rule than does the 
amount of whisky necessary to produce drunkenness In both ca«cs 
the result produced depends on the individual reactions of the patient 
WTiether nitrous oxide and ox> gen or nitrous oxide and air is given is 
immaterial * 
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Nitrous Oxide and Air 

\\ e find it con\ ement dnnng the course oi anesthesia to admit air 
by pushing the nose piece forward at the same time reducmg the gas 
pressure in the bag The amount of air given by this method cannot 
be measured accurately but \nth experience m combining these two 
actions the ana?sthetist finds it easy to maintain long and even 
anesthesia 




Throughout anasthesta the nose piece is kept m position by stencly 
mg the tube between thumb and forefinger (fig SO) The jaw is held 
forward with the remaining fingers and the head steadied between 
the palms of the hands Fjg 81 shows the effect of pushing the thumb 
and forefinger forwards thus raising the nose piece to admit air 
An advantage of this method is that the amount of admitted 
can be vaned as desired by a small mo\ement of the fingers wnthout 
relaxing the firm hold on the patients javs 

Nitrous Oxide and Oxygen 

These two gases can be mixed ui any desired proportion by adpsting 
the lever on the mixing cbambei' (p 190) The nose piece is kept 
down in position The disadvantage of this method is that the 
adjustment of the anssthctic mixture occupies one of the amesthctist s 
hands at a time when he may w-ant both hands for steadying the head 
or for assisting the dentist m other ways 

The above two methods may be combined with advantage About 
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6 per cent of Oj li. given contmuoi^I} with the N.O, the nose-piece 
being kept down in position unless more O, is required, when it can 
be pushed foniard and the pressure of gases reduced so that air is 
admitted, as desenbed above 

Keeping the Ainvay Clear 

This extremely important duty of the anaesthetist is accentuated 
m ever} text book on an^thesia, but the subject is often dismissed 
\nthout any advice being giv en to show how it should be accompli'^hed 
The necessity for a clear airway in order to ensure an adequate 0^ 
supply IS obvious Apart from this, inhalation anaesthesia relies on 
the continuance of normal respirator} movements to can} the 
an^thetic drug into the lungs, whence, b} the process of diffusion, 
it pa'!ses into the blood stream Maintenance of smooth anesthesia 
therefore depends on maintenance of a clear airvay In dental 
anesthesia the cause j>ar excellence of respiratory obstruction is the 
pushing of the lower jaw backwards or dowmwards by the dentist so 
that the tongue is puslied against the posterior phar}ngeal wall This 
happens most commonly during extraction of lower teeth, particularly 
molars, and is only rarely the cause of obstruction during operations 
on the upper jaw The common causes of respiratory obstruction m 
the dental chair, their pre% ention, and treatment are discussed in the 
first few pages of Chapter XXVI 

It IS a counsel of perfection that respiration should not be obstructed 
even for a single breath, but in practice we are in agreement with those 
who con<5ider that, provnded the aniesthetist is expenenced and can 
at will correct the obstruction, tins rule need not always be strictly 
adhered to Although we do not recommend the practice, we have 
on occasions deliberately exploited, for a few seconds, respiratory' 
obstruction caused by the dentist as a means of decreasing the 0, 
intake, in order to deepen anesthesia m a robust individual in whom 
anesthesia showed signs of lightening \\e have also permitted 
o'cstruction to persist ior one or twotreaVns m order not to interrupt 
the dentist when he is having particular difficulty in applying his 
forceps to a lower molar In the latter case, when the obstruction 
IS relieved, care must be taken that the patient's first breath is one 
nch m air or oxy gen 

Interference with free respiration can occur from mucus or blood 
gravitating backwards mto the pharynx This is particularly liable 
to happen if the head is too far extended If an'csthesia is deep, the 
mucus or blood may be mhaled, during hght anrcsthesia the 
irritation they produce on the laryngeal and pharyngeal mucous 
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An accumulation of sah\a or blood m the pharynx is best dealt 
with by leaning the patient forward as far as possible for a few seconds 
to allow any collection m the mouth to run out The lower jaw is 
held forward so that respiration is not interrupted The postenor 
pharyngeal wall should not be sw'abbed, smee this may initiate reflex 
vomiting, and in any case will imtate the mucous membrane and lead 
to renewed secretion of mucus 

If a patient vomits during the course of an operation he should 
be put into the same position to ensure free drainage from the mouth 
It IS alwajs a disappointment for him to wake up to find the extractions 
have not been completed, and if the situation i» handled correctly the 
operation need not be abandoned on account of \omitmg Tlie 
nose-piece is removed to allow anjesthesia to lighten sufficiently for 
the patient to regain his cough reflex and so clear out Ins mouth 
Before consciousness is regained the nose-piece is lowered again and 
very light anaesthesia maintained As soon as vomiting has finished, 
the patient is placed upright again, and the mouth is examined to 
make sure it is clear of debns, a fresh sponge is inserted, anaesthesia 
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deepened, and the operation recommenced Sometimes a second bout of 
vomitmg follows after a short interval After this has been dealt iMth 
m the ‘iameiiay, the patient usually settles doim peacefully, and nhen 
he reco\ers consciousness may be quite unaware that he has vomited 
Adv antage should be taken of any pause m the operation to make 
sure that the mouth is as dry as possible and free from any foreign 
bodies The sponge should be replaced by a fresh one if during the 
course of an operation it becomes soaked in blood and mucus, and no 
longer serves as an efficient protection 

Co-operation betueeo Dentist and Anaesthetist 
Just as smoQthne:iS m mduction is achieved by co-operation between 
patient and anaesthetist, maintenance of smooth anesthesia and attain- 
ment of good operating conditions depend on good teamwork 
between dentist and anjesthetist Unless both the dentist and 
anaesthetist have confidence in each other and work m harmony 
thej are not bkely to achieve much success Any decision based on 
the depth of ansesthesia, as to when the operation should be started, 
mtermpted or terminated is one «olely for the aniesthetist In this 
he shodd nev'er be questioned and his decision should be acted on 
at once Alanyan anassthe«ia has been ruined because the dentist has 
begun to extract before the anaesthetist wanted him to and even 
more because the dentist has failed to stop %minediately m the course 
of an operation on request The chief reasons for such a request are 
(i) That anesthesia is too light and respirationshowssignsof becoming 
oral If the mouth is not covered up al once until nasal respiration 
is re established, the patient, particularly if resistant, will «;oon get 
out of control (ii) That aaxsthesia is too deep (m) That respiration 
IS obstructed The anaesthetist must not on these occasions be diffi- 
dent about interrupting the operation even at a tune inconvenient to 
the surgeon The interests of the patient must come first and no other 
consideration can be allowed to outweigh this obvious fact 

The aniBSthetist, besides provudmg smooth anaisthesia, should keep 
the patient's head m the best po:!>ition for the dentist and should steady 
it throughout He «;hould keep the airwaj clear, steady the jaw, 
retract the tongue, and keep the field of operation as clear as po«sible 
by mopping away blood with a sponge, and so allow the identification 
of a root before forceps are applied Lastly, the anesthetist should 
stand in such a position that he is out of the dentist’s way and yet 
throughout can keep an eye on the patient's face or on the operation 
The anresthetist should relieve the dentist of as mucli responsibility 
and anxiety as possible With a well given dental anxsthetic there 
14 
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need be no hurrj at all and the dentist should alu’ays feel that he has 
ample time He should be steadied down or encouraged as occasion 
an'es Ad\ncecuchas 'Taheiteasyforamomentort\\o’'or‘ Have 
a minute’s rest," if gi\en at the nght moment, maj be \aluable 
Expenence shows that where a dentist tahes a few minutes m loosening 
a tooth his arm becomes tired. Ins actions less expert and m putting 
a httle extra force on the tooth at this stage he may easily break it 
If the anesthetist thinks that the dentist is reaching this state it is 
best to suggest a thirty 'lecond rest , the dentist returns refre'^hed and 
frequently accomplishes the extraction successfully Tlie anssthetist 
should make it his duty to see that the patient’s clothing is not soiled 
by blood and sali\a dnppmg out of the mouth dunng a long operation 
These sometimes dram along the tape attached to the sponge or mouth- 
pack, and care should be taken to see that this does not project below 
the towel on the patient's chest The amesthetist often can prevent 
coiling of the clothmg by folding the towel mto such a position that it 
will mop up any blood or saliva which tnckJes down, or he may even 
find It necessary temporarily to sucpend the operation, mop the mouth, 
particularly the sulcus between tongue and jau and change the sponge 

POSITIONING THE HEAD TO ALLOW ACCESS TO 
SPECIAL TEETH 


The difficulty of extraction is 
increased in the case of certain 
teeth by their situation The 
aiuecthetist, by appropriately 
manosuvnng the mandible can 
make the lower molar teeth and 
the upper third molar tooth more 
accessible to the dentist 

If the lower jaw is not sup- 
ported the airway becomes 
obstructed Apart from thi-* it 
wall be found difficult with the 
jaw in this position to apply 
forceps to the rriolar teeth, 
particularly the lower right 
ones 

Tic 83 
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Extraction of Looser Teeth 


For the extractions, 
of all lower teeth the 
mandible must be 
steadied and pu'^hed 
forward by pressure 
behind the angle The 
farther back the tooth 
the more will this slight 
dislocation forward of 
the mandible assist the 
apphcation of forceps 
The nose piece i*; 
steadied by the thumb 
and thenar eminence 
whilst the nng finger 
feels the pulsations in 
the external carotid 
arter} 
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Extraction of Lower Molars 


When molar teeth are to be extracted additional help is afforded 
if the anaesthetist sLghtly lowers the side of the ]aw being operated on 



turns the chin 
m the opposite 
direction and 
raises it 
slightly 

W hen a left 
lower molar is 
to be extracted 
the mindible i> 
pushed well 
forw ard the 
head IS allowed 
to fall slightly 
to the left the 
dim turned to 
the nght and 
slightlj msed 
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For extractions of left lower mob.Ts the dentist usually stands in 
front of the patient but when extracting right low er molars he generally 
stands behmd 



\\ hen a nght low.er 
molar is to be ex 
tracted the anesthetist 
remains on the left 
side of the patient 
but moves for\s ard 
slightly His nght 
arm still encircles the 
patient s neck, and the 
jaw lb steadied and 
pushed forward by 
both hands In this 
position the anesthetist 
still has a clear view 
of the patient s face 
The head is allowed to 
fall to the nght the 
chin turned to the left 
and slightly raised 


Extraction of Upper Teeth 


The head 
must be 
steadied be 
tween the palms 
of the hands 
and counter 
pressure may 
be applied bj 
the anxsthe 
tist s chest 
pressed on the 
top of the head 



Fig 87 
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Extraction of Upper Third Molar Teeth 




^Vhen the mouth is opened the head of the condyle of the mandible 
slips fon\ard on the emmentia articulans and the coronoid process 
of the ascending ramus of fhe mandible ii> brought into cIo»e proximity 
to the upper third molar tooth The proximity of the coronoid process 
makes it difEcuU for the dentist to apply his forceps to the upper third 
molar tooth 



Fig 90 Tig 91 Fig 92 


Access IS much improN cd if the anesthetist pushes the mandible 
tONSxirds the *:ide oi the extractions thus displacmg the coronoid 
process 

If the upper third molar on the left side has to be extracted the 
anaisthetjst with his nght hand pushes the mandible to the left, thus 



214 


ESSENTIALS OF GENERAL ANESTHESIA 


carrying the left ascending ramus anay from the maxilla sufficiently 
to allots forcep? to be applied to the tooth 

In extracting upper incisor teeth, the dentist sometimes finds the 
noac piece is m hi» way if he wishes to get his fingers on the alveolar 
process under the nose If the nose piece is pushed upwards by the 
dentist's manipulations gas must be delivered from it under marked 
positive pressure to prevent the leakage in of air which would other 
wiie occur 
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Dunng the extraction of teeth from the upper jaw the lower hp 
can be pinched easily between the lower teeth and the forceps ^^e 
have seen the forceps pressing so h^vdy that a lower tooth has cut 
completely through the Up If by any chance the lower hp i^ brui>'Cd 
or perforated in this way since the tissues in this region are very lax, 
a big hiematoma can result If pressure is applied quickly the pro- 
duction of a hiematoma is prevented and because of the vascularity 
of the part, healing in this region is extremely rapid TIte anjesthetwt 
can prevent this accident by hooking his finger inside the lower hp and 
pulling It awaj as shown m fig 94 
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RECOVERY FROM NITROUS-OXIDE ANESTHESIA 

\Vhen extractions are completed the patient should not be dis- 
turbed, but should be allon ed to recover consciousness in his oivn good 
time He may pass into natural «:leep and then should not be roused 
for a few minutes Durmg the waking penod patients are frequently 
capable of appreciating what is gomg on around them and realise 
that by exerting themselves a httle they would become fully awake, 
but they are reluctant to make the effort and continue to sit quite 
still enjoying a comfortable lethargy Heanng, the last sense to dis- 
appear during mduction, is the first to return Caution should there- 
fore be exercised in any con\ ersation w hich takes place w hile the patient 
os recovering consciousness and anj observations should be encouraging, 
eg" That was very successful/ or ‘ He was a verj* good patient ’ 
The prop should not be removed from the mouth untd the patient 
IS Mlj conscious It is alleged that if this is done the stimulus may 
be interpreted as that of extraction of a tooth We do not bebet e 
this confusion ever exists, but the advantage of leaving the prop in 
the mouth is that it presents swallowing The sponge also should 
be left in the mouth till the patient is con<cious enough to spit it out 
himself B> absorbuig blood andsaliia.it preients these from being 
swallowed or from running down the side of the mouth The patient 
should not be encouraged to spit out until he is fully onentated, 
or he may do so o\ erthe floor Similarly there is a dangerof hisreflcxly 
dnnking the mouth wash if this is held to Iu» bps before he is fully 
cansciou*; 


Subjective Sensations on Recovery 

Patients sensations on recovery chow much vanation After 
mtroua-OMde anaesthesia lasting say, 3 minutes, a patient by lus 
remarks may reveal for how long he feels that he has been unconscious 
His idea of the duration of the anaesthesia enables a tairly accurate 
estimate to be made of lus nervous or mental stability at the time of 
the operation The very healthy patient passes off the exponence 
as though notlung had happened , for example, he wall make no com- 
ment at all or, if interrogated, will sav he has been asleep for onK a 
few seconds , but the unstable individually a long tune before regaining 
a cen'C of normality, and may si\ he feeL» tliat he has been awa\ for 
an hour or two. or longer, or even that he has been away for years and 
lias " just come back to earth again ' In extreme cases patients 
suffer in vary mg degrees from a sense of unreality for some houre 
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Since for some people the state of anaesthesia has a mental association 
with death, remarks to the iwnenng patient such as " Now you are 
coming back to earth ” or “ It is all over” are unwise Especially 
after long NjO anaesthesia an introspective patient may for some time 
find it difficult to orientate himself, and remarks such as these do not 
help him A gentle pat on the back and a cheerful ' Well done ’ 
encourage quick recovery In general, the patient should not be told 
of it if he has been a difficult subject for anaesthesia, because the know- 
ledge may make him apprdiensive on a future occasion If, however, 
he has struggled so violently as to be a danger to himself, then in his 
own interests he should be told, so that another time he can warn the 
anaesthetist of his previous behaviour 


Dreams 

Recovery from general aniesthesia la usually a slow process unac- 
companied by vivid dreams In the case of N^O in the dental surgery, 
however, recovery is abrupt, and the patient frequently experiences a 
vmd dream.theoutlineof which is remembered but of which the details 
rapidly fade as the attempt to relate jt is made The dream may 
contain matter of vital importance such as the key to the solution 
of the riddle of the universe, may cause dejection and tenor, or it 
maj provoke no di«c€mible emotional reaction Dreams whicli are 
definitely funn} are as rare as they are among dreams occumng during 
wakening from natural sleep Distressing dreams and unpleasantly 
vivid nightmares sometimes upset a patient sufficiently to make him 
dread inhalation an®«thesia from a well justified fear of a repetition of 
the expenence This dread is often the greater because the patient 
cannot remember quite what frightened him, however real the dream 
seemed at the time of awakening An adult who has had such a dream 
is as difficult to reassure as a child after a night terror, and usually 
finds himself equally unable to describe his expenence 

Tlie dream may be associated with something m the patient's mind 
before the anssthetic is commenced For example, it is common (or 
a few days preceding the Derby for the patient to wake up witnessing 
with the greatest clearness the Jfnts/i of the race Withm a few seconds, 
however the previously easily recognisable racing colours become drab, 
and the more fully the patient recovers the more, to hts bewilderment 
and disappointment do the detail> of the dream drsappear into tlie 
background 

A dream or nightmare resultmg from inadequate anasthesia is not 
uncommon Dunng very light anssthcsia a stimulus may not be felt 
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as pain, but may gi\e nse to a nightmare Two cases on the same 
mommg m the out patient department illustrate this point 


A robust man was lightly anaesthetised for an extraction of a 
lower molar On recovery m answer to a question he said that his 
dream was that he had been boxing Jack Dempsey Questioning 
brought out the fact that in his dream he had been knocked out 
byablow on his jaw and further that the blow had been delivered 
at the point from which the tooth had been extracted 

A hghtly anJKthetised woman had several upper teetli ex- 
tracted She answered on recovery that she dreamt that she was 
being pulled through a tunnel by her hair 


As m dreams on awakening from natural sleep the action in dreams 
on recovery from NjO may seem to the patient to have covered several 
hours, though the whole penod of anaesthesia may have occupied only 
a mmute Indeed, dreams on emergence from sleep or anesthesia 
often take place m a fraction of a second That this js so is shown by 
the common experience that some stimulus which rouses the sleeper 
appears as the final event m the dream for exampl®, a knock on the 
door initiates a dream m which the dreamer takes a long journey w ith 
many adventures and finally reaches a house where he knocks for 
admittance He wakes to find himself in bed, and realises that he has 
been roused by the knocking on the door A drop of ram on the face 
of a person asleep in the open, although it appeared to wake him 
instantly, was accompanied by a dream the action of which lasted for 
some minutes In this an outbreak of fire was witnessed, the summon- 
ing and journey of the fire bngade and the connecting of the fire ho-^es 
to the hydrants all took time, and finally the spray of the hose winch 
was to have been directed on the burning house hit the dreamer who 
awoke to feel the drop of rain 

As far as possible, external stimuli therefore should be eliminated 
dunng the time when the patient jsrecovenng con-yuousness.smcethey 
may mitiate dreaming Dunng the course of dental anresthesia it is 
easj for a woman’s skirt to become disarranged by her slipping down 
m the chair or moving her legs If this is not noticed until the patient 
IS recovcnng.it is advisable to let the patient recover and adjust her 
skirt herself It is possible, m the rare cases where a patient 
alleges that misconduct occurred while she was unconscious, that such 
a readjustment of the skirt was the stimulus leading to an erotic dream, 
retrospective and ending with the pulling down of the skirt This last 
part of the dream really took place, but the part preceding it might 
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equally real and credible to an excitable patient Even without a 
definite stimulus, erotic dreams are knoWTi to occur dunng recovery 
from NjO anasthesia, and we repeat here that to safeguard himself 
against charges of misconduct, a doctor or dentist should never ad- 
minister an anaesthetic unless a third person is present 

Post-operative Nausea and Vomiting 

Vomiting after the recovery of consaousness is disappointing 
and distressing for the patient, and in the dental surgery it is an annoy- 
ance to the dentist, because it lengthens tlw period for which a patient 
must be kept m the surgery 

Various factors which increase the incidence of vomiting include 

Personal idiosyncrasy of ifie palteut ‘ Good sailors ” and patients 
who tolerate a fair amount of alcohol come mto the category of those 
undisturbed by aniesthesia The patient who is a " poor traveller," 
and who readily becomes nauseated m trams or on a ship, xs likely to 
suffer from post-an*sthetic malaise That temperament is a more 
important factor in the causation of vomitmg than is the presence of 
food in the stomach is illustrated by the behaviour of the placid 
individual who has a normal meal within an hour of the time fixed 
for dental extraction The fact that he has so httle apprehension 
that he can enjoy a good meal in these circumstances is almost an 
assurance that he will not suffer from nausea after a short anssthetic 
with nitrous oxide 

Type of anasthetic used Nitrous oxide and vmesthene seldom 
cause vomiting in ordinary dental extractions, but ethyl chloride is 
not infrequently an offender Pentothal and other barbiturates seldom 
causcvomiting.butvnrarecascsthcirusehas been followed by nau'^ea 
and vomiting lasting up to twenty four hours dunng which time the 
patient may be prostrate and suffer from giddiness 

DepOi and length of anarslhesia 

Prolonged anoxia 

‘ Suinging ancesihesia le mamtenance of an uneven level of 
anaesthesia 

Admimslralion of gases under pressure The distension of the 
lungs by gares under pressure is followed by sweating, collapse, and 
nausea, as is distension of any other hollow viscus 

Fasting Prolonged abstinence from food m order to avoid vomit- 
ing generally defeats its own end Even short anasthesia and slight 
dcpnvation of oxjgen m a starved patient, particularly one not robust, 
IS followed bj a fall in blood-pressure, nausea, and possibly retching 
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Vomiting IS often wrongly attnbuted to the swallowing of blood 
If a patient \omits after an operation on the throat or mouth, blood 
will inevitably be brought up, and may then be held responsible for 
the vomiting It is, however, only necessary to consider the high 
percentage of cases m which the swallowmg of blood is not follow ed by 
vomitmg to realise the unimportance of this factor Further, when 
vomiting occurs after operations on any other parts of the body blood 
is not vomited because none has been swallowed if the operation 
had been on the nose or mouth the swallowed blood might ha\e been 
given as the cause of the \omiting, whereas the presence of blood in 
the vomitus was only coincidental 

The treatment of post opera 
ti\e nausea by means other than 
postund are disappointing 

The patient's head should be 
pushed well down betvveen his 
knees, and he should be told to 
cough gently once or twice These 
procedures raise the blood 
pressure, and are usually followed 
by flushing of the face and by 
considerable though often only a 
temporary' general improvement, 
and if the patient sits upright 
again he relapses Stimulation 
by smelling-salts may be effec- 
tive The small capsules of 
aromatic ammonia are the most 
convenient and reliable , when 
compres'^ed, ammonia \apour u, 
liberated MTiether brandy or 
anything eUe should be given by mouth at this ‘^tage is an open 
question Such treatment usuaffy augments a lecfmg of nau'^ci ana' 
actually precipitates vomiting, but the act of vomitmg then often 
relieves the nausea 

If these restorative measum. are not effective, the patient sJiould 
be allowed to rest m a recumbent position Fifteen minutes re<t 
immediately after the operation of more value than an hour s rest 
later on, and the dentist vvho operates m his surgeiy on cases requiring 
prolonged ana-sthesia should have a small recov'crj room Tliepatient s 
head sJiould be kept low, and be should be covered with a blanket to 
keep him warm and comfortable It is advasablc to have a bowl and 
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a towel at hand in case of vomiting If a patient is to be dnven home 
before he feels that he has reco\ered completely, it is a thoughtful 
precaution to give him a bowl and. a towel, smce a feeling of nausea 
in the surgery is not infrequently mtensified once the patient is m a 
moving car, and may be followed by \omitu)g 

A patient should be strongly persuaded not to dnve his car himself 
soon after recovenng from an aniesthetic Patients often stubbornly 
insist on driving home, but so many subsequently confess that they 
drose “ as if in a dream ” that it is strange that accidents in such 
circumstances appear to be so extremely rare 
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CHAPTER XXIII 

ENDOTRACHEAL ANESTHESIA 

If a general anesthetic is to be given for anj prolonged operation 
on the head or neck, it is desirable that it should be administered 
through an endotracheal tube so that the aneesthetist can keep ai\'ay 
from the operative field In addition for operations m uhich blood, 
teeth, or other foreign bodies may be free m the mouth, the technique 
allows the laryngeal entrance to be packed off so givnng complete 
protection against their entry into the air passages For abdominal 
surgery, too, endotracheal anesthesia is valuable The use of a wide- 
bore tube ensures a free air\%ay and thus eliminates the mam cause of 
difficulties and disasters during anaesthesia Also the depth of an.'es 
thesia can be readily controlled and the easy expansion of the lungs 
with e\ery breath mmimises the chances of the occurrence of post- 
operative atelectasi and the senous conditions which may follow 
The complications attnbuied to passing an endotracheal tube hav e been 
greatly magnified, and arc almost mvanably accounted for by faulty 
technique 

The tube maj be passed through the nOse or through the mouth 
When the oral route is chosen, the method almost invariably adopted 
is to expose the larynx w ith a laryngoscope and to pass the tube under 
durect vision WTien the tube is parsed through the nose a similar 
procedure may be followed or the tube miy be made to enter the 
larjmx " bhndlj " 

“ BLIND NASAL INTUBATION 
In pissing the tube through the no>e into the trachea, the an-es- 
thetist is guided by touch and sound “ Blind intubation is generally 
performed w ith ease on men, but !>. frequently more difficult in narrow 
faced women and children The mam advantage of this procedure 
IS that It can be earned out under hght anasthesia w liereas if the tube 
has to be passed under direct vision, the amesthesia ma> hav e to be 
deeper than la required for the surgical operation it«elf Five to ten 
minutes before passmg the tube the va^culantj of the mucous mem- 
bnne of the nose 'should be diminished by sprajing it with cocaine 
For this purpose a 10 percent or20percent solution is recommended, 
and it js often suggested, though in our opinion unconvincingly, that 
15 
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o^mg to the intense vasoconstnction produced by solutions so strong 
less cocaine is absorbed than with a weaker solution The sprajing 
can be done when the patient is conscious but since the intensely 
bitter taste of cocaine is disagreeable it is considerate to induce 
anaesthesia first 

The larynx also can be cocainised if desired by inserting the nozzle 
of the spray into the nostril and spraying during inspiration If the 
larynx and trachea are not cocainised lower second plane anajsthesia 
IS neces«ary to depress the reflexes sufficiently for the tube to be 
tolerated If hoiveier cocaine is used the tube will be tolerated even 
during upper first plane aruesthesia for example under nitrous oxide 
alone 

Before introducing the tube the patient should be so placed that 
his neck is slightly flexed on his trunk and his head slightly extended 
at the occipito atlantal joint a sniffing the air position The tube 
IS passed directly backwards into the nostnl but gently and if any 
obstruction is encountered it should be mthdraim and passed through 
the other Force must ne\er be used in passing the tube since the 
soft tissues are easily damaged After the tube has been passed 
2 to 3 inches some resistance may be encountered from the sphincter 
like action of the upper end of the superior constrictor muscle of the 
pharjmx After this has been overcome the patient will be heard 
breathing through the tube The anesthetist now keeps his ear to 
the tube and gently pushes it farther imtU it either enters the trachea 
(fig 96) or enters the oesophagus (fig 97) or is held up at the laryngeal 
entrance (fig 99) or passes anterior to the epiglottis and lodges against 
the base of the tongue (fig 101) 

The signs that the tube has entered the trachea (fig 96) are *=0 
obvious that when there is any doubt about it it may be assumed 
that It has not done so Unless the protectix e reflexes of larj-nx ami 
trachea are much depressed either bj cocaimsation or deep general 
anaesthesia its introduction into the trachea will lead to a paroxysm 
of coughing while if anaesthesia o! the’^e parts is complete the 
regular and easy respiration charactenstic of surgical aniEsthe>ia 
will be heard through the tube as >=oon as this has entered the 
trachea 

W ith the tube m the position shown m fig 97 the «igns though 
negative are obvuous The tube has been inserted to its full length 
and though respiration continues unimpeded breath sounds are not 
transmitted through it 
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The tube may be arrested by the cords if these are fully or partially 
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adducted, a condition often found if the laiyn\ is stimulated ^\hen 
the respiratory centre is depressed (eg bj morphia) The breath 
may be held for some seconds or respiratory movement may be much 
diminished, so that only faint yet chaiactenstic croakmg sounds are 
transmitted through the tube The distal end of the tube runs almost 
parallel to the cords and impinges on the postenor aspect of the 
epiglottis Pressure exerted on the tube in the hope that it wll 
pass through the adducted cords kmks it, nhile still further pressure 
may displace it laterally 



A tube which is held up at the cords usually can be made to pass 
into the glottis The head is flexed acutely and the distal end of the 
tube tliereby brought almost at nght-angles to the glottic opening, 
a position which greatly facilitates its entrance By maintaining 
gentle pressure on the tube.an attempt is made to insinuate itsbei efled 
end between the cord« If this fails the tube is mo\ed slightly to 
imtate the laryngeal mucosa and stimulate coughing, when the cords 
will separate \ndely 
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slightly and the head well flexed so that the tip of the tube isdirecuru 
back\^ ards behind the epiglottis 

If for any reason difficulty is expenenced m passing the tube 
blindly, any of the following manoeuvres maj be of assistance the 
tube IS withdrawn and pass^ through the other nostnl , or a tube 
with a different curve is chosen , or respiration may be stimulated by 
ginng CO 2 to facilitate entrance into the larynx 

DIRECT -VISION INTUBATION 

Proficiency m laryngoscopy should first be attained m the post- 
mortem room Later the aniesthetist should practice passing the 
lar 3 iigoscope on patients during the deep surgical anesthesia immedi- 
ately following an operation at a time when he has no need to hurry, 
and can familiarise himself with the appearance of the larnix m the 
living A good exposure can 
be obtained only if anaas- 
thesi .1 IS deep or if the larynx 
has previously been co 
camised Some anaesthetists 
adnse that the upper front 
teeth should be covered with 
a thm sheet of malleable lead 
or with sticking plaster to 
prevent them from being 
chipped by the blade of the 
laryngoscope This accident 
should not occur, however, 
if the laryngoscope is 
properly u«ed For an easy 
exposure the patient's neck is 
flexed on the trunk and the 
head extended at the occipito- > 

affantaf joint This position 
IS obtained b} placing the 
occiput on the head rest as 
illustrated m fig 104, and 
then elevating the chm 
The laryngoscope is held 
m the left hand throughout, 
leaving the nght hand free 
\MiiIe the blade is being in- 
troduced the tips are drawn 



Fig 103 



22S 


ESSENTIALS or GENERAL ANAESTHESIA 


back to pTe\ent them from being nipped bet\seen the teeth and 
the blade It is passed backwards on the nght side of the mouth, 
along the nght «ide of the dorsum of the tongue which js thereby 
pushed towards the left If it were ad\anced along the middle of 
the tongue, the sub'=:equent manceuireof lifting the head by the 
lar> ngo'cope would make the tongue bulge over the blade and obscure 
the \ icw 
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WTien the laritigoscope lias advanced about half the distance it 
must cNcntuallj travel, the uvula comes into view 
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\Vhen It has reached to two tliirds of the full distance, the tip of 
the laryngoscope is directed towards the midline and raised until the 
epiglottis IS seen 



Still advancing the tip of the laryngo'cope is directed towards 
the po«tenor pharyngeal wall and passed to about half an inch bejond 
the epiglottis 
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Tlie handle of the JarjTigoscope is now lifted so that the blade 
exerts a steady pressure, equally throughout its ^shole length, on the 
tissues wth which it is in contact Tlie whole head is now lifted on 
the blade until the \ocal cord- come into •v^ew 
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The object of this diagram 
is to warn against using the 
blade as a lever with the 
upper teeth as the fulcrum, 
with probable chipping or 
dislodgment of these teeth. 





from the nose. 

Should manipula 
tion of the proximal end 
of the tube be unsuc- 
cessful the distal end is 
picked up with a pair 
of Magill’s forceps and 
guided into the larj-nx. 
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If the anesthetist wishes to 
pass the tube through the 
mouth but finds it too flexible 
for easy control, he can pass 
a knitting needle through it * 


Tic III 

As soon as the 
tube t> m position 
and the knitting 
needle has been \sith- 
drarni, a Row bot ham 
metal connection is 
attached to the proxi 
mal end 

If for an> reason 
zt seems advisable to 
haseanairtightjunc 
tzon between the 
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anesthetic circuit and the 
patient s lungs one way 
of accomplishing this is to 
use a tube surrounded 
with an inflatable cufi 
WTien the tube is m posi- 
tion the cuff is inflated 
through its pilot tube w^th 
air from a syringe Tlie 
pilot tube IS clamped by a 
paper clip when the de- 
gree of distension of the 
small balloon at the 
proximal end indicates 
that the tension m the cuff 
IS adequate 


lie 113 
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CAUSES OF DIFFICULTY IN EXPOSING THE CORDS 
The mam cause of difficulty is lack of expenence together uath 
failure to recognise landmarki. particularly uhen the laryngeal 
muscles are not relaxed Contributory causes of difficulty are in- 
adequate anesthesia, failure to flex the neck when the head i& extended, 
prominent front teeth, and an underhanging lower jaw 



There may be difficulty m hooking the epiglottis w hen this is folded 
back\%ards against the arytenoids To mo^e it so that the tip of the 
blade of the laryngoscope can be passed behind it tlie anjestlietisi 
should push the thvTOid cartilage upwnrd'. with the /ingen> of his 
nght hand * 
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behind the epiglottis, but since the muscles of the jaw are not relaxed 
they resist the lifting action of the laryngoscope Complete e\posure 
of the larynx is then impossible, and since its muscles are in spasm, 
only the approximated arytenoid cartilages come mto view Posteriorly 
the cesophageal opening is seen 



At slightly deeper le\ els of aniestliesia the jaw can be lifted enough to 
expose increasing amounts of the stiU approximated arj epiglottic folds 
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At a still deeper level o{ amsthesia, the muscles of the jaw rela\ 
and allow the laryngoscope to lift the lower jaw and expose the larjnv 
Tftote f\iU> Tl\e iwwsclcs ot tUc aryepigtotUc folds have also tekxed 
though the cords arc still in spasm 
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CHAPTER XXIV 

MOUTH-GAGS, PROPS, PACKS, AND 
TONGUE-FORCEPS 

MOUTH-GAGS 

A “ GAG ’’ IS an instrument used for opening the mouth and for keepmg 
it open There are many different types of gags, and m “^ome ho'-pitals 
all are called by the name of *’ Mason," the surgeon \\ho introduced 
the basic model about 1870 ' 

An anaesthetist's equipment should include two, or preferably 
three, good gags They last a lifetime, and the question of economy 
should not enter mto their purchase The mechanism by which an 
open gag is locked and released vanes with different models, and an 
anaesthetist usually tnes many before makmg his, final choice. It is 
essential that the construction of the gag should be such that it can 
be opened and closed easily and smoothly by simple mot'ements of 
one hand 

The skill of a dental an«stheti»t can often be judged b} the way 
he handles a gag and allows the dentist easy access to any part of the 
mouth Insertion and manipulation of the gag should be unhumed 
and gentle e.\cept in the rare case in which the mouth has to be opened 
because a patient is in extremis 



Tlie ratchet control of this gag, frequently referred to as Tergus^on’s, 
makes it steadier and more controllable than any otiicr. Tlie ratchet- 
lock is easily adjusted by the timmb and forefinger of the hand which 
holds the gag, and once m position will not slip unless the handles 
are approximated 

Any gag can be supplied cither with ordinary’ or with Ackhnd « 
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blades The former are curved and he one on top of the other, and 
although dif&cult to insert unless the jaw is relaxed they will, when 
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once m position both open and keep the mouth open without slipping 
AcUand s blades (fig 122) are straight and smee when the gag is 
closed, they he m the same plane thej can be more easily inserted m 
cases in which the jaw is clenched Once they are in position, 
however, there is a tendency for them to slip off the teeth 

The blades should be covered with rubber tubing to minimise the 
nsk of chipping the teeth or injuring the soft tissues If the tubmg 
has cracked or become loose it must be replaced by fresh tubing to 
obviate the danger of its slipping off the blades and becoming a 
foreign body 

The anaesthetist should be on the watch to see that a gag is not 
handed to him straight out of the steriliser— otherwise he may bum 
Ills fingers or still worse, the patient s cheek and mouth When the 
gag IS being inserted the lips must be well separated to avoid their 
being pinched between the gag and tlie teeth (fig 127) When 
this precaution is omitted the lip may be bruised, or even perforated 
Tlie gag should be placed as far back in the mouth as possible to av oid 
beanng on single rooted teeth Bridges crowns and loose or fragile 
teeth must be most carefully avoided, and with children it must be 
remembered that a deciduous tooth can be dislodged easily 

Use of the Gag to open a Clenched Jaw in an 
Unconscious Patient 

» Dunng mduction of amesthesia the prop may slip or be spat out, 
the latter especially m children, or it may slip during extractions 
In children under ethyl chlonde the gag may be introduced by the 
method illustrated below, or, if the spasm is particularly resistant, the 
mask must be removed until the anasthesia has become so Iiglit that 
the child opens his mouth to cry, as he always does before he recovers 
consciousness, whereupon the anesthetist inserts the gag The gag, 
with the blades still closed is then hdd in place until the administration 
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of more ethyl chlonde has produced the desired depth of an;esthe:>ia, 
and then is opened 

If the jaws become clenched dunng N^O anssthesia, it is generally 
impossible to relax them by deepenmg the ansesthesia smce the 
increasmg asphyxia will m fact intensify the spasm In these cases, 
it IS actually necessary to give oxygen to reduce the asphyxia before an 
attempt is made to msert the gag 
We disapprove of the use of a 
boxwood wedge (p 242) for an 
unconscious patient because it is 
liable to break teeth when it is 
forced between the jaws 

The anassthetist steadier the 
forehead with one band and by 
coM/iMiiOMspressureon the chin de- 
presses the mandible with the other 
(fig 124) At the same time the 
dentist retains the nose-piece m 
position and inserts the gag as 
as tlus can be done 
UTien the gag has been intro- 
duced, the anesthetist releases his 
hold on the forehead and cbm and steadies the gag A second gag xs 
then inserUd on the other stde of the tnonth and by exerting steady and 
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when the teeth are sound als,o i£ the blades of the gags rest directly 
on alveolar mucous membranes these may be badly bruised Any 
such damage may cause much more after-pain than arises from the 
extraction sockets 

Once the mouth has been opened sufficiently, it can be kept open 
easily by one gag only, or a prop can be inserted and both gags 
ivithdraivn 

Use of a Gag to make either Side of the Mouth 
Accessible 

After extractions on one side have been completed, the gag is 
inserted on this side and opened just sufficiently to release the prop 
from the opposite side 


Extractions on the nght side have been finished and the leit 
side 13 to be made accessible 

\Vhen the prop is released the gag can be used to keep the mouth 
open, or the prop can be reinsert^ just m front of the gag and the 
gag taken auay Usually it makes little difference which procedure 
!•> followed, but many dentists prefer to have the prop reinserted 
because the gag keeps the hp? tightly stretched, and access to the back 
teeth of the opposite side is Iiimted 

A sudden forceful separation of the jaws by a gag often lightens 
the amesthesia sufficiently to cau>e a reversion from nose- to mouth- 
breathing, a fact which may be demonstrated when making a 
“change” Lack of appreciation of the seventy of this stimulus 
accounts indeed for many of the failures to maintain smooth anx-s- 
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thesia after the change ' is made Hence though anesthesia has 
been adequate for extractions on the one side if the an^thetist then 
inserts the gag on this side and roughl> forces the mouth open to allow 
the prop to be removed anaesthesia may lighten sufficiently to cau«e 
mouth breathmg e%en though the mixture of gases administered 
remains unaltered Mouth breathing will not howe\er be initiated 
jf the gag IS used gently 

Use of a Gag in a more or less Edentulous Patient 
Such a patient usually finds a prop uncomfortable and liable to 
slip about on the ndge of the gum Since a gag is easily mtroduced 
between jaws lacking m teeth many aniesthetists often induce 
amesthesia m such a patient iwthout having inserted the u«ual prop 
opening the mouth with a gag after unconsciousness is attained 

Holding a Gag in Position 



no 1'^ Fig 130 


rhese pAoCograpfts' •5Ao« ngiVf a«u’ wruvig" WTys" cnf r€fSi\Ti\T^ 
a gag in position The gag is self locking 'jo that the an'esthetist, 
by placing the palm of the hand o\er it and holding the jaw forward, 
can steady the head as easily as if the gag were not there The ^liank 
of the gag IS pressed firmly agamst the cheek to prevent the blade 
slipping off tooth or gum mto the sulcus between the gum and cheek. 
It IS wTong to keep the gag open by holding the handles for then the 
an esthetist loses control of the situation , the head cannot be steadied, 
and any movement of the head may dislodge the teeth on which the 
blades rest 
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Trismus 

In a ca<ie of tnsmus where it is necessary to extract the tooth 
causing this condition a gag should be inserted before anesthesia is 
commenced «mce if the spasm is severe it ivill be found almost 
impossible to do this later under light anaesthesia such as commonly is 
admmistered m the dental suigerj 

Separation of the teeth ■'uffictently to allow the insertion of the 
gag often b. accomplished onlj after exercising much patience and 
usually causing come diccomlort The forehead should be steadied 
and the chm depressed gently but firmly and continuously for sudden 
or jerkj attempts to separate the javvs cause pam and increase the 
spasm At the came time the patient may be given a boxwood wedge 
mouth opener so that he may help to get his teeth sufficiently far apart 
for introduction of the gag With four or five minutes persistence 
even the most unpromising case yields to this treatment 
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A boxwood mouth-opener chould be used only by the patient so 
ensurmg that sufficient force will not be used to break, his teeth 

Once the gag is in position anesthesia is induced a second gag is 
then inserted on the opposite side and the massetenc spacm overcome 
bj steady continuous pressure on both gag^ 

Unless the teeth can be separated enough for the blades of a gag 
to be inserted while the patient is conscious an anesthetic should not 
be given m the dental surgery We liave never met such a case but 
should one be encountered we advise postponing the operation until 
deep anesthesia can be attained m surroundings where tracheotomy 
could be performed if the patient vomited 

MOUTH-PROPS 

It is well recognised that there may be spasm of tlie masseter 
muscles even after surgical anesthesia has been established and other 
muscles are well relaxed Tlie intensity of the spasm vanes and during 
the light an-esthesia common m the dental surgery it is not mfrcqucntl j 
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Violent, particularly m a nervous patient Hence it is generally 
advi<?able to insert a prop between the teeth before commencing to 
gi\e an anesthetic for dental extractions, whate\er aneesthctic is to be 
used If this Is not done time wtU be lost, and damage may be done 
in forcing the mouth open afterwards 

The ideal prop should be neat, comfortable to bite on, and not 
liable to slip It should be eaq? to dean and sterilise, and not hable 
to collect debrii The following dia- 
grams illustrate the props in common 
use 

Hewitt’s prop,* (fig J32)introduced 
in IS91 was an improvement on its pre- 
decessors inasmuch as it is so shaped as 
to adjust Itself to the angle made be- 
tween the upper and lower jaws when 
the mouth is open Its d»«ad\antages 



are that it is tedious 
to clean and that 
blood 15 liable to col- 
lect under the rub- 
ber cap where it is 
easily overlooked 
Trewbj ’s lead- 
cot ered prop (fig 133) 
IS popular la hospital 
practice, 'where it is 
usual to find a set w^th 
each prop connected by 
a chain to a common 
nng The prop is easilj cleaned and stenhsed and is eterlasting 
The Trewby prop w ith 
rubber insets (fig 134) on 
the biting surfaces is more 
crtisfactory but more ex- 
pensiie Six different sizes 
are made The prop is neat 
and comfortable, and is 
ea<sil) cleaned and stenliscd 
Also the rubber insets, w Inch 
are easily reneirable, fit 
tightly, so that blood cannot 
collect under them 
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Mushin’s prop is similar to Tre\\b% s 
except that the two biting plates are set at 
equal angles to the connecting bar It is 
claimed that this arrangement makes the 
prop less liable to shp, and is hence par 
ticularly advantageous for an edentulous 
patient 

The dc Pass prop, made of solid rub- 
Fjo 133 her. IS bent double on the thm flevible 

centre portion before being inserted into 
the mouth The ndges on the biting surfaces of the prop are 
gripped by the teeth , and the " tramlines formed by the raided 


FiC 136 

borders of its biting surfaces prevent it from shppmg laterally , m a 
toothless patient, hoivever, it is not easily retained 

Its resilience makes it particularly useful, for if the patient yawms, 
for example, during induction vvith pentothal, or if, dunng the opera- 
tion, the lower jaw is depressed, the prop opens and accommodates 
Itself to the temporarily increased opening of the mouth, and does not 


Fig 137 

fall out. It i3. accordingly, especially useful m major dental operations 
vihere anarsthesia is often deep enough to relax the masseter muscles 
The prop is made m three sizes Except that for a conscious 
patient the largest is rathera ** mouthful ” we find this size extremely 
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Brunton’s swivel prop is inserted between the incisor teeth and 
it wvi\ els as illustrated After extractions on one side of the mouth 
are completed the other side is made accessible very easily by swinging 
the vertical bar through half a circle It is especially useful when 
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extractions on both sides have to be undertaken for children for wnth 
children one may anticipate aniesthetic difficulties which will reduce 
the operating tune available Some dentists condemn this prop for 
fear that it will damage the incisor teeth but we have not seen or heard 
of any injury so caused 

Further Points concerning Props fn General 
The chances of a prop slippuig when the patient is largely edentu 
bus are le<sened by previously directing him to free his mouth from 
mucus by thorough nnsing If the prop does slip it is usuallj easy 
with such a patient to open the mouth with a gag 

The moutli should never be propped open more widely than 
necessary, since this makes the patient uncomfortable and makes it 
difficult for him to breathe through his nose (p 262) For a nervous 
patient a very small prop is sometimes inserted and the mouth opened 
more widely after he has become unconscious With a little care it is 
possible to select a prop which will allow adequate access and at the 
same time be comfortable 

A child may attempt to sprt the prop out, or it may fall out if he 
cries or struggles To keq) it in position upward pressure must be 
appLed to the chm immediately it is inserted 

A nervous patient may refuse a prop or may begin to retch as soon 
as it IS inserted in which case the prop should be removed at once or 
he will be restive throughout the whole of induction Nitrous oxide 
IS given nasally, and the patient is told that a few breaths of gas will 
make his throat less sensitive After about six breaths of NjO the 
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patient Nvill be sufficiently amenable to suggestion will open his 
mouth i^hen requested and will have no difficulty in retaining the prop 

MOUTH-PACKS 

Sponges 

During any dental extraction no matter how trivial the oral 
cavity mu*:! be packed off as efficiently as possible to prevent any 
foreign body being inhaled or swallowed The ideal packing matenal 
15 still a matter for discussion but we ourselves find that a bleached 
coarse-meshed sponge about as large as a small orange is the most 
satisfactory Bleaching improves the appearance and the extra light 
reflected from the bleached sponge helps to illuminate the field of 
operation The coarseness of the mesh is essential for without it the 
sponge would be less capable of absorbing blood and saliva or of 
entangling any stray fragments of teeth 

A sponge is difficult to sterilise and it is most sati'-factor} to use 
each only once If however lor economy the same sponges are to 
be used repeatedly the most effiaent method of stenli mg them is 
to wash them in sodium bicarbonate solution and then soak them 
in a weak solution of Ijsol for forty eight hours and finally wash 
them thoroughly with water Sponges should never be boiled other 
wise they will shnnk and 
become inelastic 

The necessity for a 
mouth pack is discussed on 
p 317 A sponge becomes 
an elastic and efficient 
pack only when moist and 
It should therefore be 
squeezed out in cold water 
before being introduced 
If durmg a prolonged 
operation the sponge be 
comes coated wath blood 
and saliva it is a potential 
dinger unless it has a 
tape attached (p 263) 

UTien 'odden it should be 
removed and replaced bj 
a fresh sponge after the 
mouth has been mopped 
dr> 



Fig 145 

Tlie <ponAe with tape attacl ed readj to be in 
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After anffisthesia has been established, the sponge is gently pushed 
towards the back of the mouth until it 3us>t touches the front of the 
soft palate Incidentally, we may mention that in this position, where 
It partlj occludes the mouth but does not occlude the pharvTiN the 
sponge ensures nasal breathing in the unusual patient w ho has a short 
«oft palate and uvula, and \rtio would othenvise continue to breathe 
partially through the mouth, even during surgical aniesthesia If the 
sponge lb pushed too far back xt may cause retching and restlesbness 
and even obstruct respiration (fig 175, p 263) Though the sponge 
may seem to fill the mouth it is not a nuisance to the dentist, «ince he 
can easily push to one side any part of it encroaching on the tooth to 
be extracted 

In a case of advanced pyorrheea special care must be taken not 
to dislodge a tooth while inserting the sponge Cases arc known where 
teeth have thereby been pushed down mto the trachea 

With an anjesthetic resistant patient the sponge is sometimes 
soaked in ether before it is inserted (p 117) If with such a 
patient ethyl chloride is sprayed over the mouth to supplement 
NjO, the sponge may become frozen and lose its absorptive 
properties, and a fresh 
sponge must then be sub* 
stituted before extractions 
are begun 

Cotton - wool Mouth - 
packs 

A cotton wool mouth- 
pack IS convenient but 
lacks the elasticity of a 
sponge Although effective 
in absorbing moisture its 
volume is much more 
reduced by compression, and it then affords but little protection 

TONGUE-FORGEPS 

Tongue-lorceps (fig 147 and fig 148) are sliarply pointed so that 
while they hold the tongue firmly thej cause minimal damage They 
should be inserted mto the dorsum of the tongue at about the junction 
of the anterior one third and postenor two-tlurcls, as illustrated in fig 
149, and m fig 167 p 25S Tlie bite of the forcepb should be sufficient 
to prevent them tearing out of the tongue To avoid damaging the 



Fig 146 
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vessels on the ventral aspect of the tongue they should not be inserted 
too deeply. 

These forceps (figs 150, 151) are illustrated only to condemn them 



Tjo 150 1 1C. 151 
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absolutely on the ground that thej crush the tongue and interfere uith 
its arculation If in emergency tongue-forceps are not available the 
tongue ma> be wiped dry and witMrawn by the fingers covered with 
gauze or a cloth or it can be transfixed \^^th a safetj pm and drawn 
forward 
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CHAPTER XXV 

CARE OF THE UNCONSCIOUS PATIENT 


From the moment an anaesthetic is giten until the patient becomes 
rational again, his safety is m the hands of his attendants ''ince his 
protective reflexes are abolished or depressed For this reason a ba«al 
anaesthetic should not be gi\en unless the patient can be supervn«ed 
m the pre- as ^^ell as m the post -operative penod Ideally dunng 
recovery the patient should not be left unattended until he has regained 
consciousness Dunng the time the lar^mgeal reflexes and the res- 
piratory centre remain depressed the ainiay must be maintained clear 
and the patient kept in a position in which anj foreign body m the 
pharynx will dram out of the mouth and not be inspired 

Before antesthesia is induced dentures should be taken out and the 
mouth examined for loose or fragile teeth Jewellerj should be 
removed to prevent it being damaged, and from cutting into the flesh 
If for sentimental reasons the patient does not wash nng» to be remov ed, 
the} can be left until unconsciousness has developed 

Position on the Operating Table 
Before the operation is begun the patient s arms must be placed 
in a safe position conveniently out of the surgeon s waj If the arm 
hangs over the edge of the operating table, the mu'iculospml nerve 
may be subjected to pressure and cau'^ temporary paralysis of the 
muscles it supplies 



Fig 152 Fig 153 


A suitable position for the arm is adiieved bj ^Iightlj rai'ing the 
buttock, placing the full} extended arm palm downwards on the table, 
and secunng it bj allowing the buttock to roll back on the hand 
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\n alternative method of securing the arms is to place a towel 
or folded sheet under the patient then ONer and round the arms 
tucking it in beneath the mattress 

E\cept in far as the position for operation necessitates care 
must be taken that no jomts are kept in an abnormal position or the 
ligaments will be stretched and the patient wnll complain of pain 
for some time after the operation 

\Mien administration of the ansesthetic is stopped the anesthetist 
retams responsibility for the unconscious patient until he has passed 
this on to some other competent person The transfer of responsibility 
should be quite definite not just a casual understanding for mstance 
the anesthetist handing the patient over to a nurse should say 
Nurse can you be responsible for the patient now > and should 
not be satisfied until she answers with a definite Yes 

Before beginning the journey back to the ward with an unconscious 
patient the person in chaige should be satisfied that the airway is 
perfectU clear and that the patient is properly protected agamst cold 
A gag tongue-forceps airway swabs and swab holder a towel and 

a bowl should be to 
hand on the trolley, 
and should be kept 
bj the bedside until 
the patient has re 
co\ ered 

Lifting the Uncon. 
scious Patient 
TJie head of the 
trolley should be 
directed towards the 
foot of the bed or 
tlie foot of the trolley 
to the head of the 
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bed WTien tlie patient is to be transferred the hfters preferably 
three should all stand on the same side of the trolley in the angle 
formed by it wth the bed The main \%eight will be borne by the 
middle one of the three hfters and by the one at the head while 
the one supporting the needs merely to control them The 
hfters arms are placed well under the patient 



Fic 1»8 

As soon as he has been raised olT the bed the patient should be 
rolled on to his side facing the hfters In thi» portion the leverage 
on the arms is small and the patient can be earned m comfort 



Fig la9 

The if ro«g method of carry mg a patient Vs the patient has not 
been rolled on to his side he must be supported at arms length This 
IS an ertremeh fatiguing task and if the patient is heai'y it may be 
an impo sible one 
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The Patieot’s Position in Bed 
Aiter being lowered on to his bed, the patient la placed in the 
eerni prone position facing the light To prevent him from rolling 

backwards his lower 
arm la drawn behind 
him A firm pillow 
tucked into the 
angle between his 
chest and the bed 
prevents him from 
roUmg on to hts face 
riexion of the upper 
F»G 160 leg assists m fiving 

the patient m a 

position in which the tongue falls away from the pharynx so that the 
airwaj remains clear and vomitus, blood, or mucus dram freely 
out of the mouth 
(fig 207, p 296) 

The presence of 
blood in the mouth 
makes this position 
particularly desirable 
after operations on 
the mouth or throat 
Once the patient 
has recovered suffi- 
aently he can be 
allowed to assume any position in which he feels comfortable, though 
he should not be left unattended until he is responsible for his actions 
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unconscious patient should not be placed particularly if he cannot 
be kept under constant supervision The tongue may fall back or 
vomitus be aspirated so that death from respiratory obstruction may 
result ^vlthm a very short period (6g 21 1 p 29S) 

Protection from Hot Bottles 

A hot water bottle in contact with an uncon-*cious patient may 
produce a «enous bum Hot water bottles should be supplied with 
flannel covers and before being put near the patient the> should as 
an extra precaution be wxapped in a blanket 

Vomiting 

The danger of vomiting during the unconscious period is that of 
inhalation of vomitus causing immediate respiratory obstruction or, 
more remotelj pulmonary complications 

During both induction of and recovery from aniesthesia the patient 
passes through a stage at which vomiting ma> occur The incidence 
of voimtmg during in 
duction depends con 
siderably on the skill 
of the amesthetist and 
can be eliminated b) 
making induction 
smooth and rapid thus 
keeping the patient for 
as short a time as possi 
ble at the vomiting 
level Normally the 
patient properly pre 
pared for operation has 
an empty stomach by 
the time ana^thesia is 
be^n nevertheless 
regurgitation of acid 
gastric ]Utce may occur 
and its local imtant 
action on the larjmx 
cau'^e trouble‘'Ome 
larjngospasm The 
patient on whom an 
cmergencv operation is 
being performed ma> 
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Post operatne Restlessness 

Restlessness dunngrecoiery from anjBSthesiamaj bedut v/Ov>gen 
want a condition which is usu jly readily recognisable and is especially 
apt to occur m an exsangumat^ patient Much more frequently it 
IS a response to pain from the site of operation at a time when the 
patient has not yet reco\ered consciousness This is frequently ‘'een 
after the u«e of some basal anxsthetics the properties of which are 
more hypnotic than analgesic When these ha\ e been used the patient 
remains for a long tune in the stage of potential delumm and wliether 
he IS restless or not depends on whether he js exposed to pain or not 
The degree of restlessness vanes with the patient s nervous mihe up 
and with the seventy of the pain and ranges from the mere occasional 
changing of his position m bed to maniac excitement The treatment 
IS to give morphia since thi^ drug acts <electively on perception of 
pain It «houid be noticed that post operative restlessness does not 
occur unless the morphia given as a premedicant has been excreted 
before pamlui stimuli from the operation hav e ceased 

A simple rule for the administration of morphia to the uncon’^cious 
patient recovering from an operation is that it should be given if he 
15 restless but not otherwise Since restlessness is almost invariably 
a response to painful stimuli it is a sign that the patient has recovered 
sufficiently to make the administration of morphia safe In the early 
post-operati\ e penod even i gr has a marked sedative effect and is 
usually sufficient to quieten an adult The length of time for which a 
given dose of morphia wall be effective depends on the metabolic rate 
of the patient and on the intensity of the pain Tlie influence of a 
raised metabolic rate is seen during the recovery from any operation 
of a patient suffering from exophthalmic goitre a second injection 
of morphia may be needed half an hour after a dose which would have 
been adequate for several hours had the metabolic rate been normal 
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CHAPTER XXVI 

RESPIRATORY OBSTRUCTION 

Interference wth the passage of gases between the anjcsthetic 
mask and the lungs is the commonest cause of anzesthetic difficulties 
and disasters The penalties of obstruction tary with its degree of 
completeness and ivith the patient's condition They range from mere 
disturbance of the smoothness of the aniesthesia to the deatli of the 
patient 

The most common site of obstruction is the small space between 
the base of the tongue and the nma glottidis The more usual cau-es 
can be classified mto four groups 

1. Backivard displacement of the tongue. 

2. A foreign body, c g. sponge, >omltus, tooth. 

3. Adduction of the vocal cords caused by ano\ial spasm of 
the laryngeal muscles. 

4 (Edema of the ary epiglottic folds, due to spread of infec- 
tion from neighbouring structures. 

Obstruction m the first three groups o<xurs as an accident associated 
with unconsaousness The fourth group exists pre-operati% el> and, 
as \sill be seen later, this condition is a contra-indication to the 
administration of a general anasthelic. 

BACKWARD DISPLACEMENT OF THE TONGUE 

Backwuid displacement of the tongue is the commonest cau-.e of 
respiratory obstruction in an unconscious patient The problem t» 
one of simple mechanics It occurs only when the tongue falL> or 
pushed back\\’ardN The former is likely to happen w hen the patient 
lb. l^ar\§r on bis hack- tlie latter dunrtg operations on the lower no 
matter what tlie position of the patient may be Wlicn the patient 
ji lying on Ins back it is particularly easy for the tongue and the low er 
)aw to which it is attached, to fall backwards Tlie tongue, as 
ChcNaher Jackson^ pomts out, acts as a “check \*al\e“ at the 
laryngeal opening; obstruction to expiration being negligible The 
tongue IS forced forwards by each expiration, after which it imme- 
diately falls back mto its gravity position agam, and attempts at 
inspiration draw it o\er the laryngeal entrance and ob'-truct ingress 
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of air The patient ^v•lIJ die quickly if this condition is not rehc\ ed 
and this relief usually can be attained simply by holding the angle of 
the )awfoiN\ard (fig 170 p 260) thus carrying the tongue away from 
the laryngeal opening If this is not sufficient to clear the ainvay, 
a mechanical airivay can be inserted or the tongue pulled forwards 
bj tongue forceps 



Tio 164 —‘Tongue in oomul 
position 



Eic 166 — \nairwajrcs{oar{usuaUy 
called an airway ) keeps tie tongue 
forward and an uninterrupted path ior 
respiration is restored 



which has fallen hackhygrAvitj 





Tig 167— In an emergency if an 
airway IS not available the tongue can 
he pulled forw^rl ly sharp pointed 
forceps If such tongue f reeps have 
bj oversight hecn omitted from the 
anxstheiMt s equipment a towel clip 
or a large safety pin maybe used or the 
tongue can be wiped dry an 1 covered 
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Attempts at artificial respiration \Nhen the tongue is occluding 
the larjmx are wor-^e than no attempt at all since the check vaUe 
(p 2o7) alloivs air to piss in one direction onlj — from mthm oiitu arda 
\Vhen the patient is sittmg upnght m the position usual for dental 
extraction, the tongue is not an obstruction to respiration — it becomes 
one onlj' if it is pushed backwards b} the dentist Dunng the 
extraction of lower back teeth it is particularly easy for the dentist 
to make the mistake of steadjnng the mandible by pres'^ing it back 
wards and downwards in such a manner as to obstruct respiration by 
forcing the base of the tongue against the postenor pharyngeal wall 
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Radiograph — The dorsum of the tongue has been painted wath 
banum paste The epiglottis is readily distinguishable 

Freedom of the airway is ensured b\ the dentist pulling the mandible 
foniards and upwards with his left hand Tlie antestheli-t helps In 
foward prescurc on the angle of the jaw Compare the plane of the 
inci'.or teeth with that seen m fig 169 
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Pressure back- 
wards and down- 
wards on the man 
dible results in 
v'arying degrees of 
respiratory obstruc 
tion This radio 
graph (fig 169) shows 
how the mandiblecan 
be pushed backwards 
by the dentist s left 
hand The tongue 
IS earned backwards 
and forced against 
the postenor pharyn 
goal wall causing 
complete obstruc- 
tion 

Respiration may 
Tic 169 be impeded simply 

by the tongue being 

made to bulge backv^ards Obstruction so caused can occur to some 
extent even if the lower jaw is held forwards but will obviously be 
more complete if it i& pushed 
backwards 

The aniEsthetist can help 
the maintenance of a free 
airwaj by pressing forward 
the angle of the patient s 
jaw If at the same time 
he steadies the mandible the 
dentist 16 given a firm pur- 
chase for hib extraction and 
the tendency for the jaw to be 
pu'^hed backwards is greatly 
diminished Prolonged pres 
sure on the angle of the jaw 
by the aniesthetist s fingers 
may causepost ojx;rativcpam 
at the site of pressure Tlie 
nng finger can feel the puh-i 
tion of the carotid artery 



ric 170 
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Respiratory obstructidn maj occur aJ>o from fauify posture in the 
dental chair Either fiexiort or extension of the head can can've the 
tongue to occlude the ainraj 


If the patient sits \vith the head 
flexed or if he slips into this jxisj 
tion, free respiration is impeded 
Toobviatethisthehead rest should 
be adjusted to the nape of the 
neck and the unconscious patient 
can be pre\ ented from shppmg by 
the support of a strap round the 
pelvis 




This radiograpli *=11011 & obstruction of the aini-ay by the tongue 
iihen the head n. flexed as in fig 171 Tlie obstruction is aggrai-ated 
if the mandible is pressed backward'* or doimwards 
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If the head rest shps and the head becomes extended the tongue 
can act as a check valve as it does with a patient in the supine 
position (fig 16o p 2 dS) 

This position has other disad 
i^tages Blood and mucus gravi 
tate backwards and imtate the 
postenor pharyngeal wall causmg 
mtlessness and retching in the 
lightly anaesthetised patient Also 
the patient is particularly exposed 
to the danger of entry of a foreign 
body into the lungs (p 321) 

A not infrequent cause of minor 
respiratory obstruction m dental 
anaesthesia is the insertion of too 
large a prop The mouth can be 
opened only by depressing the 
mandible and the illustration 
below shows how opening of the 
mouth to its utmost limits cames the base of the tongue on to tlic 
posterior pharyngeal ivall 
Ifthetongue 
is relaxed the 
wider the 
mouth IS 
opened the 
more diflicuU 
does nasal re 
spiration be 
come Hence 
a wdely opened 
mouth fa\ours 
oral breathing 
An incor 
rectly adjusted 
nosC piece may 
partially oc 
elude the nares 
and so impede 
free respira 
tion (fig 76 
p 196) 




l-ic 174 
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FOREIGN BODIES 

(A) The sponge or mouth pack, which should mv^nabl^ be used to 
protect the larynv when extractions are being performed, maj cause 
respiratory obstruction 

If the sponge is pushed too far 
back the soft palate is forced agamst 
the postenor pharyngeal wall and 
blocks the airway partially or com- 
pletely (fig 175) Nose breathing is 
prevented by the palatal obstruction 
and oral breathmg by the sponge 
itself 

A sponge sodden with blood and 
sah\ a if compressed suffers a marked 
decrease m \olume , and if the small 
sodden sponge slips behind the base 
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of the tongue itiMli completely 
occlude the larjmgeal opening 
(fig 176) This IS a rare acci- 
dent but \\hen it happens 
respirator> arrest is dramatic 
m*its completeness and sud 
denness A case of respirator}’ 
obstruction from this cause 
IS described on p 2S0 

(B) Vomztus, if inhaled, 
maj occlude the larynx 

(C) During c\ cr> extraction both dentist and anesthetist must be 
constantl} alert to the possibilitj of a tooth tooth fragment, or other 
foreign bodj slipping past the spon^ into the lar^mgeal opening 
Despite the undoubted \*alue of a sponge, constant Nugilance on 
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the part of the dentist is essential for protection against this 
accident 

Although the foreign bodies described under (B) and (C) may cau e 
acute respiratory obstruction by lodging at the laryngeal entrance 
It IS more common on account of their small size for them to pass 
through the nma glottidis and cause grave post operative pulmonary 
complications 


LARYNGEAL SPASM 

Anoxamic spasm of the laryngeal muscles leading to spastic 
adduction of the vocal cords is most likely to happen m the unpre 
medicated thick set muscular individual who often is described as 
unsuitable for nitrous-oxide anaesthesia and who m fact is resistant 
to every form of anjesthesia In the frail or heavily premedicated 
patient muscular spasm is not a feature of oxygen want Nitrous 
oxide is the weakest of all the anssthetics in common use, and if for 
any reason it is chosen for a resistant patient the range of anasthesia 
IS necessanly narrow If the patient is unpremedicated and supple- 
mentary anesthesia is not used its feeble action must be reinforced 
by a marked reduction of the oxygen intake to prevent the patient 
responding to stimuli by strugglmg and mouth breathmg At this 
low level of oxygen tension anoxiwnic spasm of some of the muscle 
groups IS lnev^table The muscles which adduct and abduct the cords 
like all other muscles of the body work <moothly only when the oxjgen 
supply IS adequate Unco-orduiafed action of the laryngeal muscles 
resulting from ano\a;mia is evidenced by stertorous and jerl^ breathmg 
With deepening anoxiemia spasm of the laryngeal muscles mcreases m 
mtensity and since the muscles of adduction are more powerful than 
those of abduction the cords eventually become tightly approximated 
Throughout the development of this condition expiration is impaired 
but slight!) but inspiration becomes less and less effective until with 
what appears to be dramatic suddenness respiration ceases with tlie 
chest in the position of expiration The mechanisms concerned m 
the deiTation 0/ the thorax wiff be appreciaterf by an examination 
■of the following diagrams 
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The cords during deep ether amesthesia : on the left, as seen through 
lar3aigoscope ; on the right, the corresponding coronal section of the 



larynx. The cords are in the mean position of normal quiet respirat ion. 
Although they become widely abducted in forced respimtjon, the range 
of movement in normal respiration is slight. 



Adduction of the vocal cords in lar^mgeal spa^m. 
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These figures show a more advanced degree of laryngeal spasm 
dunng light ether anaesthesia The arj'tenoid cartilages are m close 



Frc 181. 


Fits 182 

A — Ar7c-pigl«ttjc fold 
B » Thyroid cartilai^o 
C K Cncoid cartilage 
KX => N ocat cords 



apposition The adducted vocal cords are co\ercd by the tightl> 
approifiinated folds of mucous membrane known as the false cord« 
Tliese m turn are obscured by the aryepiglottic folds which close the 
laijTiA wth a sphincter like action The vertical slit lies over the 
laryngeal entrance It wiU be noticed that the spaem has prevented 
the blade of the laryngoscope from being earned as far forwards 
as in fig 179, and hence more of the pharynx is seen Wien the 
muscles of the larynx are ic spasm from anoxsmta, the appearance 
is similar except that the pink colour associated with ether anasthe^ia 
IS replaced by a slate blue 
The ineffectiveness of 
attempts at artificial re- 
spiration in this stage can 
be understood from an ex- 
amination of the adjoming 
two figures, which illustrate 
diagrammatically the posi- 
tion of the cords dunng 
laryngeal spasm 

The bases of the cords 
are distal to their free ends 
The action of the adducted 


Inspir^ion 
1 1 


Exjiiratioa 

Fjo 183 \ifltr JacktOH*) 
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cords IS similar to that of a pair of swmging doors which swing one 
way only Air can be expelled from the chest because they swing 
open to allow its egress , ingress of airis,howeier, prevented because 
the cords swing back hke two one-way doors The more powerful 
the inspirator}' effort, the firmer the apposition of the cords The 
condition is comparable to check \alve obstruction by the tongue 
WTien respuntor} effort ceases as a result of this valve hke action, the 
chest will be m the position of eviration At this stage attempts 
to inflate the lungs either by oxygen under pressure (positive pressure 
proximal to the cords) or by attempts at artifiaal respiration (negativ e 
pressure distal to the cords), must obviously be ineffective 

Illustrate e cases are de'cnbed and the treatment of this condition 
dealt with on p 276 

(EDEMA OF THE GLOTTIS 
The causes of obstruction so far discussed occur during the course 
of anassthesia Respuutory obstruction of varying se\ enty may occur, 
too, m the conscious patient The most common cause for this is 
spread of infection from a wisdom tooth to the upper margins of 
the larynx The aiy epiglottic folds become cederoatous and encroach 
on the airwuy 



Tic 1S4 — Normal 
larynx as seen in a 
Urj njfoscopjc minor 



Fig 1&> ( ifttr 

Ja(kson^) — (EUonuiof 
right arj epiglottic fold 
showing encroachment 
on the Uryn5Cal open 
ing There is slight 
axJema of the opigloilis 
anil left arjepiglottic 
fold also 


A conscious patient overcomes the early stages of respintoiy 
obstruction by usmg hii. accessory muscles of inspiration Normally 
the thorax expands with but little muscular effort, smee air can be 
drawn m freelj If the glottic apniurc is narrowed by inflammation 
or b} a foreign body, the resistance to the passage of air is increased 
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The extra power provided by the accessory muscles increases the 
negative pressure within the thorax and is capable of compensating 
for varying degrees of respiratory obstruction At first progress of 
the obstruction may be insidious and the effects of duninished oxj gen 
intake not conspicuous Relief of the condition however is urgent 
as the time will come generallj without warning when the alveolar 
oxygen tension is reduced below the critical level necessary to keep 

the patient alert and 
breathing vigorous 
ly A vicious circle 
IS now established 
andthepatient who 
previously was not 
recognised as being 
in immediate 
danger will die 
within a few 
mmutes 

Thisphotograph 
illustrates the dim 
cal picture typical 
of partial occlusion 
of the larynx from 
any cause Note 
the anxious expres 
Sion the action of 
the accessory 
muscles of respira 
tion and the in 
drawing of the 
supraclavicular and 
intercostal spaces 
Since air cannot be 
sucked m freely 
i J8J- past the obstruc 

tion the negative 

pressure xvitbin Vne t’norxx results in indrawing ol tbe soft parts of t'ne 
thoracic wall 

WTieti an operation has to be performed for the relief of this 
condition (eg for removal of an impacted wisdom tooth infection 
round which is causing the spreading cedema) the amesthetist must 
realise that anzesthesia will be especially dangerous fora patient who 
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even when at rest, is obliged to ase his accessory mu'icles of inspiration, 
for production of unconcaousness m such a patient may cause death 
If the obstruction is severe such a patient cannot sleep because as soon 
as he dozes off, the accessory muscles, being under lolinttary control, 
cease to act, and he wakes wth a sense of "suffocation Similarly, if 
unconsciousness is produced by any general anesthetic the help of 
the accessory muscles is lost, and if the condition not dealt with 
at once the patient \vill die rapidly of asphv Kia Artificial respiration 
applied to a patient ivith such a degree of respirator} obstruction is 
ineffective, and death is inevitable without immediate tracheotomy 
and artificial respiration 

Because of the patient’s respiratory distress the anaesthetist may 
be tempted to employ a basal anxesthetic, the u-e of which, however, 
IS contra«indicated absolutely The warning against the use of general 
aniesthetics, given in discussing cases of cedema of the larynx, applies 
with particular emphasis to the basal anesthetics Respiratory arrest 
here occurs with the onset of unconsciou»ne»s (p 31), so that the 
patient is man even grav er condition than would be the normal patient 
to whom had been given an overdose of basal anssthetio sufficient to 
produce respiratory arrest, since he has the added grave complication 
of a quite inadequate airway Apart altogether from production of 
unconsciousness, no drug should be given which will depress the 
respiratory centre It may even be dangerous to give small doees of 
morphia to relieve the patient's mental and physical distress 

If the degree of obstruction does not necessitate the full action 
of the accessory respiratory mu'cles, the amesthetist may feel that the 
Usual respiratory muscles will be capable of achieving just sufficient 
respiratory exchange provided adequate oxygen is given, and therefore 
that he is justified in administering an anxsthetic without a preliminary 
tracheotomy ’ He has only his clinical judgment to guide him here, 
and even if he feels satisfied that the patient can be amestheti^ed 
safely, a tracheotomy outfit must be at hand in ca^e of need If the 
obstruction necessitates the patient using hi^ accessory' muscles to their 
utmost, a tracheotomy must be performed under local anaistlie'ia 
before a general ancesthetic is given Any respiratory difficulty is 
thus ov ercome, and w ith it any contra indication to general amesthesia 

Many years ago one of us was pnsent as an onlooker when an 
operation was to be performed for the extraction of a wisdom 
tooth infection round whicli was causing adema of the glottis 
sufficient tomakethe patient use hi^accessory inspiratory muscles 
Induction of anaisthcsia was peaceful, but immediately uncon- 
sciousness superv ened inspiratory effort fided away, and despite 



270 ESSENTIALS OF GENERAL ANAESTHESIA 

attempts at artificial respiration, the patient died The under- 
lying pathology was not appreciated, and since the patient was 
thought to be deadfrom primary heart failure, no tracheotomy was 
performed, although if this had been done promptly it is probable 
that the patient’s life could have been saved. 

Deaths from this cause are frequently attnbuted to the particular 
anresthetic used In turn every anaesthetic has thus been blamed 
Not until it IS realised that death results from the production of 
unconsciousness, and not from the effect of any particular anesthetic, 
wall the mortality in this type of case be reduced. 
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CHAPTER XXVII 

EMERGENCIES 

In operations in the mouth there are special nsks of obstruction to 
the ainvay (see previous chapter), and special precautions must be 
taken The prevention of anzesthetic emergencies m general mtU be 
illustrated here by considenng their avoidance in dental anssthe'ia in 
particular , w e shall then proceed to consider the different emergencies 
and their treatment 

All accidents associated with dental anaesthesia should be avoidable, 
and observance of the following measures will minimise the nsk of 
their occurrence 

1 Before anasthesia is begun the patient should be settled 
comfortably m the correct position m the dental chair (fig 61, 
p 182), and this position maintained by means of a strap round the 
pelvis 

2 No extensive or prolonged operation should be attempted m 
the dental chair Long anxsthesia and extensive dental operations 
mcrease the nsk of post-operative collapse, especially m the ambulatory 
patient, and m any case it is difficult without endotracheal amesthesia 
to maintain a continuously clear ainvay 

The preachmg of this coun<=;el of perfection is easier than Us practice 
Hospital beds are rarely available for any except really major dental 
cases, with the result that numerous extensive operations are per- 
formed m the out patients' department under general ana»thesia 
In pnvate practice it is in such cases often difficult to make the 
patient realise that there are real advantages to be gained from entering 
a nursing home, and that the recommendation to do so despite the 
expense t. not merely a fad of (he dentist s This difficulty is common, 
and many y oung practitioners have not the courage to insist on nursmg- 
home treatment Further, unfamihanty vsith the strict technique 
practised in the operating theatre is responsible for the preference 
of ‘lome dental surgeons to operafe m their own rooms 

3 Only tn exceptional circumstances should anaesthesia m the 
dental chair be prolonged if the difficulties of the operation are proving 
greater than were anticipated It i* safer to di'continue the operation 
and arrange for its completion underlocalan'esthesiaatanotherscssion, 
or if necessary in a nursing home or hospital Prolongation of nasal 



272 ESSENTIALS OF GENERAL ANiESTHESIA 

nitrous-oxide anesthesia merely in order to avoid confession of failure 
to complete the operation is as n^y as performing an extensile 
operation in the dental chair 

4 Nitrous-oxide anaesthesia should not be prolonged in patients 
with phjsical disabibties nhich are aggravated by anoxsmia Patients 
wth toxic myocardial weakness of the post influenzal type, and those 
suffenng from exhaustion from overwork, poor feeding, or apprehension, 
ideally should be dealt ivith in hospital or a nursmg home and given 
basal anesthesia followed by nitrous oxide and ether Unfortunately, 
for economic reasons they are often subjected to the risks of prolonged 
anesthesia m the dental chair 

5 Every possible precaution must be taken to prevent the entrance 
of foreign bodies mto the air passages or aUmentary tract (a) All 
dentures should be removed (b) The mouth should be inspected for 
crowns, fiUmgs, and loose or weak teeth, so that these maybe avoided 
when a Mason’s gag is used If this inspection is omitted, mere insertion 
of the sponge may prove dangerous, as shown by a case where a loose 
mcisor tooth was dislodged m this way and pushed mto the trachea 
(c) The jaws of the Mason sgag should becoveredwilh rubbertoprevent 
damage to the teeth The gag should always be used gently, and the 
mouth opened slowly (d) The pharynx should be properly packed 
(e) The head should not be over extended (/) The operation should 
be proceeded with only when anaesthesia is tranquil 

FOREIGN BODIES LOST IN THE MOUTH 

If a loose body in the mouth slips backwards into the pharynx, it 
may then enter either the oesophagus or the air passages Chevaher 
Jackson ^ points out that functions of the larynx other than that of 
speech are generally given little consideration He observes that, 
phylogenetically phonation is late and articulate speech, as we knowit, 
\ ery late indeed He describes the fundamental purpose of the larynx 
for the great majority of animals, mcludmg man, to be the protection 
of the air passages against the entrance of food 

Anj looce object in the mouth is a potential danger Spicules of 
bone, broken or whole teeth, flihngs, rubber covers from Mason's 
gags, and lomitus have all been found m the air passages The 
number of potential foreign bodies should be reduced as far as possible 
Small pledgets of wool should not be used for swabbing out tooth 
sockets , the throat sponge or pack sliould have attached to it a tape 
which hangs out of the mouth The fact that accidents due to 
foreign bodies are so rare, in spite of the great number of ojmmu- 
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tions ui the moutli is a great tnbute to the skill and care of dental 
surgeons 

Conditions which increase the danger of entrance of foreign bodies 
into the lun^ such as continuing the operation after the operation field 
has become obscured by bleeding or when the patient la restless are 
considered on page 318 where also the importance of packing the 
throat and the advantages offered by endotracheal anaesthesia for 
major dental operations are pointed out Everything m the mouth 
may be slippery from saliva and unless the pharynx is well protected 
it IS all too easy for a foreign body to enter the oesophagus or trachea 
It is significant that foreign bodies are lost most often when anTSthesia 
is turbulent Fortunately the patient is then so lightly aniEsthetised 
that the swallowing reflex is present and a foreign body is therefore 
more likelj to be swallowed than inspired If a foreign bodj is lost 
during deep anaesthesia the nsk of its entrance mto the laiymx is 
increased because the swallowing reflex has been lost 

In order of frequency the lost foreign body is likely either (a) to 
pass into the oesophagus (6) to pass througli the glottis or (c) to be 
arrested b> the vocal cords causing acute respiratory obstruction 
The correct procedure when a foreign body is missmg is dealt with 
on page 319 

If there is no definite indication whether the foreign body has 
been swallowed or inspired and if radiological examination is 
negative the patient should follow at first the simple routine appro- 
priate for a swallowed foreign body but a particularly careful watch 
must be kept on the patient for symptoms indicating that it is m 
the lungs 

Foreign bodies m the alfmentarj tract — It is rare for a 
swiillowed foreign bodv if it passes througli the ce^^ophagus to lodge 
anywhere in the alimentary canal sufficiently long to do any harm A 
jagged foreign body such as a small denture held up m the cesophagus 
must be remov ed skilfully as soon as po sible by cesophagoscopy under 
local or general amesthesia for if there is ulceration of the cesophagus 
the infection spread* to the jnednstinmn and this condition has a 
very high mortality rate 

If the foreign body is in tlie stomacli or intestine* bulky residue 
foods (eg porridge bran) «houlil be given and if thought neces^rv 
the faeces may be sifted to di<K»v er when it is passed The temptation 
to give purgativ e* to hasten the exit of the foreign bodv must be sternly 
resisted since they increase the tendency to spastic contraction and 
the liability of the foreign body to become impacted an occurrence 
attended by the risk otherwise ranote of perforation of the inteslme 
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Although the prognosis for a foreign body which has been swallowed is 
good and surgical interference is rarelj necessary that for a foreign 
body ui the lungs is always gra\e unless the patient receives urgent 
and skilful treatment 

Foreign Bodies in the Air Passages 

Even wlien the patient is conscious a foreign body may disappear 
into the air passages without producing immediate symptoms* and 
the chance of this occurring is of course much greater when the 
patient is anxsthetised Although it is true that under light anxstliesia 
a foreign body is more likely to be swallowed than inspired there is no 
guarantee that the airway will not be invaded for the coughing which 
a foreign body at the larynix may incite is preceded commonly by a 
deep inspiration which increases the nsk of its entering the larynx 
As soon as anaesthesia is deep enough to abolish the cough reflex any 
small foreign body which is lost backwards from the mouth is likely 
to fall directly through the open glottis into one or other bronchus 
usually the right where it may not give nse to respiratory signs or 
difficulty The fact that this accident may occur without any tmtnedtale 
signs must he emphasised 

Tlie most common causes of the entrance of a foreign body into 
the larynx are 

1 Allowing an unconscious patient who is vomitmg to remain m 
a position where the \omitus does not dram away at once If the 
patient is supine his head should be lowered and turned to one side 
(fig 163 p 2o5) if he IS m the dental chair his head should be pushed 
welHorward (fig 82 p 203) 

2 Pulling the tongue forward during the act of vomiting since 
this makes swallowang and closure of the larynx difficult or im- 
possible 

3 Extending the head too far in the dental chair as is liable to 
occur when the amesthetist extends the head to help the dentist when 
he IS extracting an upper wisdom tooth Tlie larjmx cannot then be 
raised even voluntanly and swallowing is impossible so that the 
entrance to the larynx cannot be protected The amesthetist should 
impress upon himself the vulnerability of the larymx when the head is 
fully extended by attempting to swallow with liis Jiead in this position 
Further it is difficult to pack off effectively behmd the upper molar 
teeth This position is illustrated in fig 173 p 262 and an instance 
is given on p 328 of a foreign body entenng into the lungs in a case 
where the head was over extended 
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Subsequent e\ents depend on the size of the foreign body and 
^\here it lodges on its infectuity and on the resistance of the tissues 
There is usually a sjTnptomless interval and this may last a fen days 
only or may extend to weeks or even months although then there 
are usually paroxysms of coughmg If after an operation on the 
mouth a patient develops lung trouble which does not clear up qmcUy 
the possibxhty of a foreign body being in the lungs must ^wajs be 
considered A prolonged symptomless interval is often responsible 
for failure to make the correct diagnosis w hen symptoms do ev entuallv 
appear If the advice given (p 327) has been followed and the 
possibility of a foreign body being m the lung has been communicated 
to the family doctor immediately after the operation he wall be in a 
position to make an early diagnosis in an otherwise baffling case 
Early treatment can then be instituted and this is important since 
delay may prov e fatal 

A septic foreign body wherever situated eventually gives nse to 
suppuration and abscess formation The gravity of the condition 
depends to a considerable extent on the locality of the ab'cess and 
the ease with which it can be drained In the subcutaneous tusues 
an ab cess is at once recognisable and can be incj«ed and drained 
without delay In the lung the symptoms of an abscess vary greatly 
Usually an imtating cough develops first soon to be followed by 
expectoration the sputum may or may not be blood streaked and 
eventually becomes foul smelling Fever is a latesign and i» usually 
irregular In other cases influenza or bronchitis ts liable to bt 
diagnosed and the gravity of the condition is not realised until 
instead of recovenng wnthin the expected time the patient be- 
comes worse If the presence of a foreign bodv is not diagnosed 
until symptoms of a lung abscess have developed tlie patients 
condition will detenorate rapidly and death will be inevitable 
unless the foreign body is removed at once and adequate drainage 
established 

Provided treatment is not delayed the prognosis when a foreign 
bodji xs sjfivaJed xo iJbe IvmrJjus js errelteoE Jjexooval b> an 
is easy particularly if performed early Chevalier Jackson wntes 
Tlie patient from whom a foreign body has been removed within t 
few davs by peroral bronclio<copy has a hard time trying to «how 
that he has suffered much or that lie is any tlie wor'C phvsically On 
the other hand the patient wath lung suppuration due to neglect of 
early diagnosis and removal has a good case with which to elicit the 
svmpathy of the ]ury ’ 
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ACUTE RESPIRATORY OBSTRUCTION 

This maj occur m the larynx from spastic adduction of the \ocal 
cords or from impaction of a foreipi body The treatment depends 
on uhich of these t«o conditions is responsible but mthout laryngo- 
scopy it may be impossible to decide vnth certainty between these 
alternatives To provide for the possibilitj that the obstruction is 
caused by a foreign body the anaesthetist should ask. for the tracheotomy 
instruments to be set out 

Signs of Acute Respiratory Obstruction 

Even m the an^thetised piatient respiratory movements maj 
continue for some seconds after they have ceased to be effective 
During this time the mdrawing of the suprasternal and supxaclavi 
cular notches constricts the veins at the root of the neck and is largelj 
responsible for producing cyano<is and extreme congestion of the 
face The heart continues to beat for «ome minutes after respiration 
has ceased and venous engorgement increases since blood is forced 
into the vessels at a time when its return is not aided by the pump- 
like mechanism of the thorax 

Laryngeal Spasm 

This condition is described on pp 264-267 In clinical anas 
thesia jt may result (i) at a late stage ol anoxremic anoxia from 
an ill advised attempt to subdue an unpremedicated anassthetic 
resistant patient with nitrous oxide (ii) from attempts to intu 
bate the uncocamised larynx under Itgit barbiturate or light cjclo 
propane anesthesia m either of which laryngeal spasm is extremely 
probable 

In all these cases the respiratory centre is depressed and tlie spasm 
may cau^e acute respiratory obstruction persisting until the patient 
la monbund The alarming appearance of the patient and the fact 
that artificial respiration is at first unsuccessful (p 27S) are likely to 
tempt the anesthetist to perfonn tracheotomy under the erroneous 
impression that respiration is obstructed by a foreign body With 
proper treatment the patient s condition undeniably serious is 
however not as grave as his appearance would suggest for the very 
persistence of muscular tone shown by the laryngeal spasm can be 
regarded as m it eH reassuring Mthougli after cescition of respiration 
the patient s condition steadily detenoratis if the cardiac mu'^culature 
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js reasonably healthj , the heart v.t 11 still continue to beat for some tune 
usually about one minute after respiration has ceased (it seems 
much longer to the anjesthetist *) the lar5mgeal spasm has passed off 
because the patient is i» extremis, the air\iay becomes free again* and 
artificial respiration, or inflation of the lungs wth oxj gen \nll then be 
effectn e 

^\^len nitrous oxide is giien to a resistant patient, if he has not 
been premedicated and if supplementary anaesthesia is not u«ed, he 
does not become anaisthetised unless at certain stages of an'esthesia 
oxygen deprivation is so se\ere that there is a danger of laryngeal 
spasm The foUowng six cases m our owm experience are typical 
SIX patients were plethoric and of the bull necked' tj*pe, and 
five of them were men 


■Vt a demonstration bj R R 11 of nitrous oxide anaesthesia for 
dental cases a man aged SO stout and short necked was brought 
m with a history of previous difficulty with this anssthetic 
administered nasally It was stated that the man was unable to 
breathe through his nose and also that it had been impossible to 
amesthetise him sufficientlj to allow extractions to be performed 
Se\ eral teeth had to be remox ed The patient w as asked to blow 
his nose and w as found to be perfectly w ell able to breathe through 
it, m fact unconsciousness was induced without even cover- 
ing the patient s mouth The anesthetist accordingly felt that 
the previous admimstration had probably been unskilful and 
proceeded in the usual way The patient was noisy and still 
mumbling at a time when cyanosis wns so marked that one would 
hav e expected no such restlessness ev en m this type of individual 
Administration of N^O was continued, but despite marked 
anoxffiima, the anesthesia was not deep enough to prevent reflex 
responses, and the patient reverted to mouth breathing as soon 
as the extraction was attempted The operation was therefore 
suspended and the depth of amtsthesia still further increased, 
here unwisely by pushing K^O The 'sequence of ev ents w as 
tlicn approximitelv is follows Respiration became stertorous 
and snatchy , and during the following ten seconds inspiratory 
efforts were jneflcctive, and respiration ceased Although from 
the stertor and from the patient s appearance it was obvious that 
there was marked anoxarron, the cessation of respiration was, m 
view of the muscular activity 30 seconds previously, unexpectedly 
sudden The tongue it this stage bad b^ome small and spastic, 
and almost wooden in consistency A feu seconds lifer it relaxed 
like the rest of the body inu^Kailaturc and became lai^e and flabby 
Tlie pupil became widelv dilated and the eye death hke Since 
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artificial respiration in the chair %'?as found to be ineffective, the 
patient \sas placed on the floor, where it was continued Ventila- 
tion was impossible, since air could neither enter nor leave the 
lungs, entrance being prevented by laryngeal spasm and exit by 
the fact that the chest was already in the extreme expiratory 
position Tongue traction and artificial respiration were con- 
tinued, and about a minute later the laryngeal spasm ceased, and 
\entilation became effective Normal respiration then began 
qmcUy and the patient was replaced in the chair In spite of the 
extreme depression to which he had been reduced the patient 
promptly became restless again The attempt to amesthetise 
this patient ivith NjO alone was obviously ill-advised , ethyl 
chloride was accordingly used to supplement the NjO, the 
operation was successfully concluded and the patient walked away 
none the worse for his experience 

Of the other five patients three were m the dental chair 
and the other two on the operating table The three former 
were aniesthetised by students m the out patients depart- 
ment Anoxsemia was marked and laryngeal spasm developed 
and made ventilation impossible As artificial respiration m the 
chair was ineffective, the patients were in each case placed on 
the floor, and the attempt to carry it out continued It was 
difficult to believe that a foreign body was not the cause of ob- 
struction, so much so that in one case tracheotomj’’ instruments 
were asked for but recovery look place before they were produced 
After tongue traction and artificial respiration for about a minute, 
air entered the chest and normal respiration was promptly re- 
sumed 

In the two cases on the operating table, the laryngeal spasm 
was verified vnth a laryngoscope and it was found impossible to 
pass a Wagill s tube When the cords were seen to have relaxed, 
the tube passed without difficulty and the lungs w ere easily inflated 
with oxygen Subsequent anaisthesia and recovery in these two 
cases also were uneventful 


The following case illustrates the production of severe laryngeal 
spasm which is especially liaUe to occur under light barbiturate 
narcosis 


A colleague who tried for some time to pass an endotracheal 
tube under light evipan narcosis found that laryngeal spasm 
occurred and persisted e\ cn after the attempt had been abandoned 
The patient became cyanosed; and the spasm passed off and 
artificial respiration became effective only after his condition had 
further deteriorated as shown by cardiac irregularity 
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Treatment — Laborde’s method of intermittent traction on the 
t ongue * will restore respiration only if the refle v mechanisms on \\ hich it 
depends are still effective The tongue is grasped by forceps or held 
through a towel and drawn w ell out of the mouth and then released If 
after this cycle has been repeated seven or eight times m half a mmute 
the patient still makes no effort to breathe, artificial respiration must 
be instituted The chest will be in the position of expiration and while 
larjTigeal spasm persists artificial respiration will be ineffectu e, smce 
the cords will be further approximated in the mspiratory phase (fig 183, 
p 266) Attempts at artificial respiration by manual methods or by 
mflation with oxj gen must therefore be gentle, and must be continued 
so that as soon as the glottis opens air will enter the chest The question 
whether tracheotomy should be done or not must be decided by the 
man on the spot Grave as the condition of the patient is, we have 
not heard of any case where laryngeal spasm has proved fatal because 
tracheotomy was not performed Nevertheless, if a laryngoscope is 
not available to confirm the diagnosis, early tracheotomy will probably 
be justifiable, particularly if there is any suspicion that the obstruction 
IS due to a foreign body 

If with the aid of a laryngoscope the anesthetist finds there is no 
foreign body in the larynx, he may attempt to pas» a ^IagllI s tube 
into the trachea The attempt may be ‘successful if the spasm is not 
extreme or is beginning to relax, but vigorous efforts should not be 
made nor a tube of firmer consistency used, on account of the possibility 
of injuring the vocal cord> 


Impaction of a Toreign Body 

i\ tooth fragment, or even a whole tooth rarely causes acute res- 
piratory obstruction, since they are usually small enough to pass 
through the glottis Obstruction may bccur, however, from the 
impaction of a sponge or vomitus in the larynx, usually just 
beyond reach of an exploring finger, and in such a position that 
if it cannot be extracted by forcepi, tracheotomy wiU relieve the 
condition 

A sponge or mouth pack is potentially very dangerous When the 
fre«h sponge is placed m the normal position before the operation is 
commenced, it is elastic and big enough to be an effective pack, and 
It lb difficult to believe that it could enter the larynx It should, 
however, be borne m mind that durmg an operation it often becomes 
sodden vvith blood and mucus, and t. then easily compressed into a 
small slippery mass Ceasing to be a protection, it now becomes a 
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menace since it catt be easily po^ed backwards behind the base of 
the tongue and thence sucked into the larynx 

Some years ago one of us was aiucsthetismg a patient in the 
dent'll chair tor the extraction of a lower 6 which pro\ed more 
difficult than was expected During the long operation the 
patient salivated profusely iras shghtly restless and the noise 
made by the expiratory ralve suddenly stopped Re'^piratory 
efforts continued but were meflective Investigation showed 
that the sponge had disappeared from sight although it could be 
touched wth the tip of the finger just behind the epiglottis It 
was however too far back to be gripped except by the forceps with 
which it was successfully removed Inspection showed that the 
sponge onginaUy the size of an orange had shrunk to the size of a 
walnut 

Since this alarming experience we have made it an invariable rule 
that any sponge or mouth pack should have attached to it a tape 
the end of which hangs out of the mouth 

Very rarely the obstruction is subglottic Blood-clot has been 
know'n to slip through the glottis and cause acute respimtory obstruc 
tion b} blocking the bifurcation of the trachea In such a ca^e 
tracheotomy will afford no relief unless forceps are passed through 
the wound and the dot withdrawn 

Treatment, — If a laryngoscope vs available the foreign body 
should be removed with forceps under direct vision care being taken 
not to push it farther into the larynx If a laryngo'^cope is not to 
hand an attempt should be made to remove the obstruction by the 
fingere or by a pair of forceps 

If these efforts are not successful and if anesthesia is still light the 
patient ma> be giv enone good thump on the back in the hope of making 
him cough and expel the foreign body if a child the patient may at 
the same time be held upside down 

For ca<e‘i under nitrous^ixide ana^thesia where a foreign body 
obstructs the larynx and cannot be removed digitally or by forceps 
JIcKesson recommended that a mask should be applied firmly to the face 
and oxygen delivered under pressure The rationale of the method is 
that if the laryngeal opening is not completely occluded oxygen wall 
be forced through any chink Since recovery from NjO is quick the 
patient will soon regain his cough reflex and may be able to expel the 
foreign body We have no first hand information of any case where 
oxygen has been thus employed and it is obvious tliat there is «ome 
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danger of pushing the foreign bod> through the glottis In any case 
the method is unsuitable if a more potent anjesthetic than \jO u. 
being used since then ovygen will not lighten aniesthecia «ufficientl^ 
quickly 

If these attempts are unsuccessful f/itf trachea (or in exceptional 
circumstances the larynx) mnst be opened at once 

The indication for nialwmg an artihcial opening into the air passages 
js the occurrence of acute respiratory obstruction caused by a foreign 
body at the inlet of the larynx and by reason of which the patient is 
tn exiremts The opening can be made into the trachea (tracheotomy) 
or into the larynx (laryngotomy) The former is the more complicated, 
but it IS the operation of choice The more simple horizontal incision 
of lary ngotomy will «a^ e life and the operator should not hesitate to 
undertake this operation if he feels his knowledge is not enough to 
enable him to perform tracheotomy The disadvantage of laryngo- 
tomy IS the liability to sub‘=equent stenosis * 


EMERGENCY TRACHEOTOMY 

In theory tracheotomy is a simple operation, easily performed by 
the student m his surgical anatomy classes, but it presents great 
difficulties m actual practice because of the circumstances m which 
it has to be done The dramatic suddenness with which the condition 
develops makes a certain amount of flurry mevitable , by the time 
the operation is begun the patient is deeply congested, so that 
the field of operation is obscured by profuse \enous hremorrhage , 
and when emergencj tracheotomy has to be performed in a dental 
surgery, the instruments of choice and skilled assistance are rarely 
available 

If the standard instruments are not available, the operator can, 
using only a knife, make an adequate opening into the air passages 
Tlie trachea can be opened within 60 seconds after locating the 
site of incision and the operation should not take more than two 
mmutes if the operator is familiar with the sahent features of the 
procedure 

Insinmenls Required — A tracheotomy set contaming the instru- 
ments listed and illustrated below is part of the equipment of e\ ery 
operating theatre and should be available m e\ery well appointed 
dental surgery 
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t Scalpel 6 Several pairs o/ artery forceps 

2 Tiacbeal dilator 7 Retiaciors 

3 Tracheotomy tube 8 Drisectisj; (convejmg) forceps 

4 Zotroducer 9 Tracheal hook 

5 looertube 
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The introducer (4) fits into the tracheotom> tube (3) and is used to 
guide it into position 

^\hen the tube is in position and the introducer has been wth- 
draivn, the flexible inner tube (5) is inserted. 
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ThetacheianditsimmediaterdationsareshoOTinrelationto^ 

„ea vSis ve.^ ^mote Ini exists o„I> m the rate eases m wh.eh 

oI the incision are shown The cncoid 
cartilage is more easily identified than i> 
generally snpposed The thumb and middle 
finger of the operator’s left hand arc placed 
on either side of this, in the depression 
between the stemomastoid muscles and «ie 
tracliea, pushing the former latenuly e 
trachea is steadied and rendered prominent 
by this manoeuvre 

The incision to be made m the trachea 
IS vertical m the midhne, upward, through 
the third and second rings Almost uix-an 
ablv this necessitates incising the isthmns 
of the thyroid gUnd Fig 190 shows also 
the site of a laryngotomy inosion. a trans- 

veiseslitthroughthecncothyroidmcrabrane rm 190 
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The Operation 

The essential points of this opoation are as follows the land- 
marks are the cncoid cartilage and the midJine of the neck , the 
midline is strictly adhered to , bleeding is disregarded , the thumb 
and middle finger of the left hand, once they have identified and 
grasped the cncoid cartilage, retain this position throughout the 
operation the left index finger may be u«ed to explore the upper 
part of the wound , the cncoid and first nng of the trachea must not 
be incised , the mcibion in the trachea is vertical and upwards through 
the third and second nngs, cate being taken not to incise too deeply 
for fear of injunng the postenor wall of the trachea and the oesophagus , 
once the tracheal incision is made it should be kept spread until an 
appropnate tracheotomy tube is inserted , bleeding is attended to 
only after respiration is restored 

The steps m the operation ate illustrated m the following diagrams 
For teaching purposes the structures encountered have been clearly 
shown, but it must be remembered that in actual fact, m emergency 
tracheotomy, very little is seen except blood, and that structures 
can be identified only by palpation Bleeding is a prominent feature 
of the operation and is due largely to engorgement of the tissues 
caused by resistance to the venous return to the thorax The best 
%vay to Slop this bleeding is to restore the airway, when resumption 
of respiratory movements iviil reduce the greatly raised venous pressuie 
to normal Not until respiration is restored ate bleeding points dealt 
ivnh by applying artery forceps and ligatures 



The patient is placed on his back with a cushion or folded coat 
under the shoulders to extend the bead and stretch the neck, thus 



EMERGENCIK 


285 


bnnging the trachea as near the snrfa<% as possible The object of 
this position IS to make the trachea accessible and, equally important, 
to fix it Even if there is only one assistant, his first duty is to main- 
tain the bead firmly in this position 
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If time allows, the throat is painted with spmt or iodine Tlie 
cncoid IS localised with the fingers of the left hand, thumb to the right 
and middle finger to the left, the index finger resting on the midpoint 
The index finger is lifted momentarily and the skm incision made in 
the midhne from the middle of the cricothyroid membrane to a 
finger's breadth aboie the sternal notdi 
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The tip ol the index finger is now inserted into the upper part of 
the wound defining the lower border of the cncoid cartilage The 
upper part of the incision is deepened down to the trachea No 
attempt is made to aioid the isthraui of the thjToid gland, which in 
fact js usually divided Bleeding is profuse and is disregarded until 
the trachea is defined If a second assistant is available, the wound 
edges ma) be held apart by retractors 
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Under these conditions the trachea is not always easy to find, but 
the palpatmg finger ‘should not fail to recognise the cartilaginous rings 
once they are encountered The thumb and middle finger of the left 
hand clear the field by pushing sideways the cut thyroid gland and 
the sternohyoid and sternothyroid muscle^ The knife is held with its 
back towards the sternal notch Excess of blood is mopped from the 
operation field, and the scalpel, facing upwards, is inserted into the 
trachea Since the cartihginous nngs of the trachea are deficient in 
Its postcnor aspect, great care must be taken not to incise too deeply 
for fear of injuring the oe«ophagu> The incision is made \erticaUy 
upwards through the third and second nngs> of the trachea The 
first nngof the trachea and the cncoidcartibgearedihgently aioided 
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The wound is quickly mopped as free of blood as possible to prevent 
the blood being inhaled, andthetracheal incision spread with thetracheal 
ddatorwhich is kept m position until the tracheotomy tube is inserted 



If a tracheal dilator is not avaihble. the opening into the trachea 
can be made patent by inserting the handle of the scalpel and turning 
It through a nght angle. 
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The introduction of the tube is often the most difhcult part of the 
operation and must be done with debberation It is surpnsinglj easy 
to introduce it into the «oft tissues beside or m front of the trachea 



alcl> remo\ed and tlie inner tube m‘«rted If respiraton effort has 


290 ESSENTIALS OF GEI1.ERAL ANAESTHESIA 

ceased artificial respiration must be instituted Not until respiration 
IS restored is hjemostasis effected Artery forceps are omitted from 
the diagram for the sake of clarity 
Gauze is packed between the 
skin and the tracheotomy tube 
which IS then secured by tape round 
the neck (fig 200) A layer of gauze 
can be placed in front of the opening 
of the cannula to prev ent any foreign 
body from being inhaled Breath 
mg should now be effortless 

These diagrams do not show the 
use of the dissecting forceps and 
the traclieal hook illustrated m the 
tracheotomy set The former are 
of general use in any surgical opera 
tion The tracheal hook is classi 
callj used for insertion under the 
lo^ve^ border of the cncoid cartilage to assist m fiving the trachea 

Remosal of the Foreign Body 
The stimulus of opening the trachea often provokes a bout of 
coughing which may expel the foreign body In any case the trache 
otomy tube should be inserted and left in position since any trauma 
caused by the foreign body may iyL followed a few hours later by 
cedema of the glottis ^ 

If the foreign body is not expelled no attempt need be made to 
remo\ e it the immediate danger ha\ ing been o% ercome its extraction 
bj endoscopic methods can be deferred until later 



Dangers of Tracheotomy 

The great vessels of the neck may be incised unless the operator 
keeps stnctly to the midfine The oesophagus may be opened if the 
incision IS made too deeply \\'hen this happens the subsequent 
infection is extremely \irulent and almost invariably fatal Tlie left 
innominate vein may be injured in a cfiild if the incision is earned too 
low 

Tlie remote danger of tracheotomy is that of permanent laiymgeal 
or tracheal stenosis The strongest factorm mamtainmgthelarjTigeal 
lumen is the cncoid cartilage whicli is a complete ring whereas the 
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thjToid cartilage uhich rests upon it is incomplete postenorly Tlie 
risk, of stenosis is practically non existent if the incision is made below 
the first nng of the trachea as de«cnbed If, ho« ei er the first nng 
of the trachea, and more particularly the cncoid cartilage, the onlj 
complete nng of cartilage m the respiratory tract, is incised there is 
gra\e danger of subsequent cicatncial stenosis of the air passage suffi- 
cient to cause chronic respiratory obstruction If the emergency 
operation has in\olved the cncoid cartilage or first nng of the trachea, 
the expert under whose charge the patient is placed may «ee fit at 
once to perform a sub'=equent tracheotomy lower down, thus diminish- 
ing the nsk of stenosis A second operation might al«o be performed 
for the «ame reason after an emei^ency laryngotomy 


After-care 

Care must be taken that the tube does not become blocked bj 
secretions The inner tube should be changed as often as neces-^irj , 
and in any case every 3-4 hours The outer tube «houId be changed 
daily, to pre\ent tracheal ulceration and secondary hemorrhage A 
layer of gauze is kept over the opening of the tube to prei'ent inhalation 
of foreign bodies Cough sedatnes and narcotics «hould not be 
employed, since the cough reflex is an important protecti%e mechanism 
m preventing the accumulation of bronchial secretion 

Tlie tracheotomy tube can be removed when the condition for 
which It was in«erted is completely relieved This is usually the case 
m two to three days when obstruction was due to impaction of a 
foreign body 


ORDERLY TRACHEOTOMY 

This IS perfonned for relief of respiratory obstruction of a Icss 
acute nature than that necessitating emergencv tracheotomy and i« 
generally earned out under local anaesthesia The prmciples are the 
same as for emeiyency tracheotomy^ the main difference bein^ that 
haemostasis is effected as the operation proceeds The isthmus of the 
thyroid is dmded between clamps, the tracheal incision then made as 
de^enbed and the tracheotomy tube inserted 


LARYNGOTOaiY 

Tlie laryTix extends to the lower border of the cncoid cartilage 
Laryngotomy consists m making a transverse opening througli the 
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cncothyroid membrane te at a le\el just below the vocal cords 
This emergency operation is comparatively easy to perform but 
healing of the uound may be followed b> cicatnsation causing the 
senous complication of laryngeal stenosis If an operator in an 
emergency doubts his ability to perform a tracheotomy he would be 
justified in performing a laiyngotomy The patient should be 
transferred as soon as possible to the care of a laryngologist u ho w ould 
then if necessary perform a tracheotomy m order to allow the 
laiyTigotomy w ound to heal early so diminishing the nsh of laryngeal 
stenosis 

The landmarks for laryngotomy are easily recognisable 
The patient is placed m the •^ame position as for tracheotomy A 
transverse skin incision between the cncoid and thyroid cartilages 
IS deepened in the centre through the cncothyroid membrane 
(fig 190 p 283) 



The opening is spread with a dilator or arterj forceps and a laryng 
otomy tube inserted The introducer is withdrami and the tube fixed 
in position bj tying round the neck the tapes which are attached to 
the ejelets The cross sections of a larjngotomy and a tracheotomy 
tube differ characteristically the former is flat the latter more 
rounded Tor a given patient the appropriate ’laryngotomy tu'De is 
much shorter than tlie correspondu^ tracheotomy tube An inner 
tube is not nccessaiy 

The after-care required b> a patient with a laiymgotomy is the same 
as for one with a trachcotomj It should be noted that it is unwise 
to leave a larjmgotomy tube in for a long period since this greatly 
increases the danger of stenosis 
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OVERDOSE OF ANESTHETIC 
Respiratory arrest occurs when an o\erdo»e of anj anesthetic is 
given Except occasionally wth chloroform, it occurs before cardiac 
failure so that in the case of tnkalaliatt anaesthesia it is generallj’ 
possible, by starting artificial respiration promptly, to keep the tissues 
oxygenated until the excess of anaesthetic has been excreted Treat- 
ment of respiratory arrest produced by ansesthetics given by other 
routes IS less hable to be effective (p 16) 

The immediate treatment of overdose, whatever the aniesthetic or 
its route of admimstration, is the same In this emexgencv the 
an^thetist must rely on bis hands and not on drugs Artificial 
respiration is ivorth all the drugs in the pharmacopceia If normal 
breathing cannot be restored in this way it is m our opinion highly 
improbable that any other method would have been successful The 
beneficial effects of COj, and of analeptics are m some cases dramatic, 
but experimental evidence suggests that this happens onI> m cases 
which would have fared equally well or even better m the long run 
vMth o'^gen alone, and that for a patient i» extremis COj or 
analeptics may actually turn the scale against him. 

ARTIFICIAL RESPIRATION 
In cases where an overdose of the aojesthetic has been given, or in 
cases of adv'anced oxygen-lack, the respiratory centre becomes 
depressed and respiration ceases before the heart stops beatmg As 
long as circulation contmues, life can be maintamed by artificial 
respiration Provided irreparable damage to the vital centres has 
not been caused the respiratory centre wall recover after sufficient 
anasthetic has been excreted 

The essential feature of all methods of artificial respuation is 
alternating distension and deflation of the lungs Besides supplying 
oxjgen and removing CO, these movements may initiate the reflexes 
which function in normal respiration (p 50) In ail cases the airway 
must be kept clear and, if necessary, the back of the throat should be 
swabbed free of mucus and blood. 

Inflation with Oxygen 

Some means of inflating wath o-^gen should be available m every 
operatmg theatre The JIcKesson anasthetic apparatus is excellent 
for this purpose, and as an alternative the Oxford Infiator* will be 
found inexpensive, compact, and easy to work 
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The Oxford Inflator js connected to the top of a c> lindcr of oxygen 
By means of reducing -valves the pressure of the oxygen delivered is 
reduced to 40 mm Hg Tlic face piece is applied tightly and the jaw 
IS Kept forward «o as to maintain a clear ainiay When the lever 
X IS turned into the position illustrated in hg 202 the lungs arc m 
dated wth oxygen 

When the lever is turned to the off po'^ition (fig 203) \t cuts 
off communication wlh the cylinder uncovers a hole in the mask and 
allows the lungs to deflate 

If an apparatus of the inflator type is not available any apparatus 



CMERCEXCIES 


■^3 

With a face piece and rebreathmg bag can be used The mask is 
appbed firmly to the face the expiratory vai\ e is s:re%\ ed do^\■n and 
the bag filled wath oxygen The aluesthetl^t by “^queezmg the bag 
(fig 204) can produce a pressure of 10 15 mm Hg easily sufficient 
to mflate the limgs provided the airway is clear The lungs deflate 
when the mask is raised from the face 

Manual Methods of Artificial Respiration 
Sometimes particularly m children respiration can be restarted 
when the patient is. m the dental chair simply by compressmg the 
chest once or twice and allowing it to recoil If this is meffectne the 
more classical methoda muat be resorted to In no case should the 
force applied be violent numerous cases are on record w here at poat 
mortems nbs ha\e been found broken Intermittent steady yet 
gentle pressure on the chest wall wall be found sufficient to effect a 
good exchange of atr The temptation to try to hasten recovery 
by compressing and releasing the chest too frequentlv must be resisted 
The optimum rate is about 12 14 per minute The ventilation is not 
being effective unless the entrance and exit of air can be heard 

Schaefer’s metbod — ^Tbis is an efficient method of artificial 
respiration and is not fatiguing to the operator The air-exchange is 
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approximately normal The patient lies face downward* a position 
wbicli has the advantage of ensunng that the tongue falls away from 
the jiostenor pharyngeal wall and in ca««s of drowning that water will 
run out of the mouth Tor these reasons it is the method of choice 
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{or an operator smgle 

impracticable on the operating t; 
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inded It IS hovsever usually 
le and m any case is generally 
unnecessary since an assistant 
IS available to keep the ainiay 
clear 

The patient is prone one 
arm is extended forviarcLs and 
the other bent at the elbow so 
that the head may rest on it 
The head is turned to one side 
the tongue falls {ornarcli and 
the nose and mouth are free 
The operator kneels astride the 
patient bearing his weight 
entirely upon his knees (fig 205) 
The ball of the thumb rests on 
the small of the back and the 
two thumbs arc almost parallel 
and about 3 inches apart The 
fingers are outstretched and the 
palms of the hands spread 
comfortabl} over the lowennost 
nbs The arms are straight but 
rela^ad 
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his \\eight IS equally dlstnbutedbet^\een his hands and knees (fig 20S) 
In this position his arms will be vertical This part of the procedure 
occupies about two seconds The operator then siiings back again 
taking all his weight on to his knees and remains in this position for 
about 2 seconds to allow elastic recoil of the chest wall and abdomen 
to produce inspiration 

Silvester’s method — In^iration is produced by extending the 
patient’s arms above his head thereby expanding the thorax 


Expiration results from bringing the patients arms foiaiards and 
pressing them gently but firmly against his thorax 
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Mechanically this is a poor method <^ince the ventilation u only 
about one half to two-thirds of the normal 
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It has the further df^advantages that since the patient is on hts 
back the tongue if not held forviatd b> an assistant will grantate 
backwards and occlude the airway (fig 211) and there is no drainage 



CARDIAC FAILURE 

In ansesthetic emergencies CNCcpt occasionally in the case of 
chloroform poisoning the heart mil continue to beat for some time 
after respiration has ceased a time which will \ary \mh the causation 
of the respiratory arrest and with the state of the patient s heart 
If the heart «tops the question whether it can be made to beat again 
depends on the ‘iame two factors Animal experiments suggest that 
after a cessation of beating there is increased imtabiUty and con 
tractdity of the heart lasting for about H minutes During this time 
appropriate stimulation is often effective though it becomes less and 
le«3 so as the condition of the heart delenorates Cases arc however, 
on record of the heart beat being resumed even after 15 minutes 

If the circulation has been in abeyance for longer than 5 minutes 
the chances of the patient surviving for more than a few hours are 
negligible owing to tfie damage done to the central nervous system 
particularly to the respiratory centre by the long anoxia If however 
beating of the heart i» restored within one or two minutes complete 
recovery is probable 

Treatment — (i) To ensure that the vital centres shall get a maxi 
mal benefit from any feeble circulation which may be present the head 
IS low ered and if possible the patient is put into a <hght Trendelenburg 
po'^ition Artificial respiration preferably by inflation of the lungs 
with oxygen is kept up throughout 
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(u) The muscle of the nght aunde is stunulated by the pnck of a 
needle in the hope that it will contract and the beat be propagated 
to the ventncle 
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Hewer s cardiac piinctiire needle 5 inches long is inserted through 
the 3rd nght intercostal space close to the sternum the point being 
directed backwards and sUghtly towards the midhne, through the wall 
of the nght auncle In adults the needle should be inserted 3i- 
4 inches 

(lu) If this does not start the heart beat the needle is withdrawn 
and an attempt is made to inject adrenaline (I I 000) \ into the 

cavity of the left ventncle which is admittedly difficult to locate 
James • suggests that this should be done as follows a point is taken 
at the junction of the lower ^rd and upper jrd# of a line joining the 
sternal notch and the xiphistemum From here a line is drawn 
horuontally to the left midaxiUary Une At the junction of the outer 
^rd and inner frds of this line a straight needle is inserted for about 
4 inches at right angles to the tangent on the chest wall The fact that 
this procedure has been known to restart the heart beat is e'cphcable 
on the assumption that although no cardiac impulse is discernible there 
IS still a feeble circulation which carries the adremlmemto the coronary 
artenes 

(iv) As a final resort the hand is mtroduced into the abdominal 
cavity through an incision in the abdommal wall and the heart mas 
saged There is no need to incise the diaphragm since this thin musclc, 
now completelj relaxed does not prevent the heart from being grasped 
and kneaded agamst the anterior thoraac w all 
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CHAPTER XXVIII 

CYLINDER VALVES AND REDUCING VALVES 

At room temperature the pressure inside a cylinder contaming NjO 
remains constant at about 6o0 lb per square inch whilst in a cylinder 
of oxygen the pressure falls gradually from 1 SOO Ib per square inch 
{pp 186 187) The rate of flou of gas from the cylinder i> regulated 
by a valve or lalves 


CYLINDER VALVES 
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The oiduiary cylinder valve fitted as standard to most cylmders 
does not allow of refinement in regulating the escape of gas When 
the cylinder is Off (circle inset) the base of the stem B fits down 
firmly on the valve seatmg C and as thecylmderis opened by turning 
the stem key D anti clockwise the stem is raised from the valve 
seating allowing gas to flow from the cylinder Delicacy of control 
depends partly on the accuracy of the valve seatmg and on the 
closeness of the thread of the stem 



REDUCING VALVES 


A much finer control, especially valuable where low rates of flow 



Fic 214 ^Taper val\e slightly opened Iaset->\'nlve closed 

are desired, is obtained if the valve has a tapered stem Such %alves 
are commonly referred to as taper valves 

In any anaesthetic circuit a reservou: for gas at approximately 
atmosphenc pressure is incorporated This is necessary , because if in 
a given patient the volume of gas or gases breathed per minute be 
8 litres, the rate of flow of gas to the patient dunng the actual inspiratory 
phase will be m the neighbourhood of 20 litres per iiunute The 
reservoir (le the gas bag or the rebreathing bag) is thus depleted 
intermittently by inspiration, and is replenished at a uniform rate 
from the cylinder via the valve 

REDUCING VALVES 

By means of reducing valves the rate of flow of gas from the cylinder 
can be more delicately controlled, for in eflect they render available 
the entire cylinder contents at a Ion pressure Pressure-reducing 
mechanisms can be employed, so that gas from the cylinder is released 
to the patient m adequate quantities when he inspires, and the flow 
checked automatically when inspiration iscomplctcd By thesemeans 
economy is effected and the size of the necessary' rc'crvoxr greatly' 
reduced 
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In the following diagrams the redaang valve mechanisms of the 
Jlinnitt gas and air apparatus (fig 220, p 309) are illustrated 

McKesson reducing valve — The valve has a pressure regulator 
G which is adjusted so that pressure is exerted on the under surface 
of the flexible metal diaphragm O to which plug JI is attached by a 
steel rod In practice it is usual for the valve regulator to be adjusted 
so that the tension on the spring is equivalent to a pressure of 60 lb 
per square inch on the diaphragm 0 By this means M is displaced 
from the seating between the high pressure (red) and the low-pressure 
(green) compartments so that the two compartments of the valve 
communicate WTien the cylinder is turned on gas wall now flow 
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freely through the high-pressure compartment, past the valve ■seating, 
into the low pressure compartment and out through R Should the 
outflow through R be obstructed, the pressure m the low pressure 
compartment will nse, and as «‘Oon as it reaches 60 lb per square inch 
the diaphragm wall be deflected as in fig 216 The plug M is now 
drawTi on to its seating and the gas flow into the low pressure chamber 
IS cut off If gas IS allowed to escape through R, the pressure in the 
low pressure compartment will fall and the diaphragm O return to 
Its prevaous position Plug M is drsplaced Icoro. vU seafan^ 

and fresh gas is admitted to the low-pressure chamber Thus the 
pressure in the compartment coloured red la always that of the cylinder, 
but the pressure m the compartment coloured green is mamtamed 
automatically at that to which the valve u adjusted — m this case, 
60 lb per square inch 

After the gas leaves the reducing valve proper it passes through 
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the tube R into the small rubbarbag reservoir Q, uhich is contamed 
withm the metal drum S The outlet from the bag is obstructed by 
a metal disc T, which exerts a pressure equiN alent to about 2 mm Hg 
Just before this tension is reached, the bulging bag pushes the base 
of the hinged rod U outwards and the head mwards, forcmg the 
flexible diaphragm V over the outlet of tube R (fig 217), thus 
preventing the entrance of any further gas mto the bag 



Tlie reservoir is now full of gas at a pressure of ]ust under 2 mm 
^Vhen the patient inspires, a negative pressure is created within 
the breathmg tube W, and the weight-valve T is raised, alloiwng gas 
to enter the tube from the reservoir (figs 217, 21S) Tlie bag deflates 
and the rod U moves with it, so that the diaphragm is no longer 
held against the outlet of tube R At the end of inspiration the 
weight-vahe falls back, the bag fills, and the diaphragm V is again 
forced back against the outlet from tube R 

Endurance valve (British Oxygen Co) — This valve works on a 
pnnaple v ery similar to the McKesson 

Adam’s valve — This v^alve is set bj the makers «o that the 
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pressure :n the lou pressure compartment is maintained at about 
7 Ib per square inch The pressure of gas from the cjlinder forces 
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51 from the valve seating and provided R is open gas tviU escape 
If R is obstructed so that the pressure m the low pressure compartment 
uses above 7 lb per square inch the diaphragm O wU be forced 
upwards against the resistance of spring K The rod L is earned 
upwards, and the stem M attached to the lower part of the toggle 
(or lazy tongs) is forced dowm on to the valve seating pre\enting 
further gas from entenng 
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CHAPTER XXIX 

ANALGESI\ 

The progressive loss of sense of pain during induction is a feature 
which IS generally overlooked and seldom put to any practical use 
This phase is, in fact, generally pa^^sed through as quicklj as possible 
The loss begins early and soon reaches a stage %\ here moderatel} painful 
stimuh are not appreciated as such, although the patient still has 
considerable control of his faculties Advantage can be taken of this 
analgesic stage to obtund fairly acute pam and yet retain the co- 
operation of the patient Furthermore, it interferes but little 
with the physiological functions, and avoids the disads antages of 
prolonged anjesthesia such as would otherwise be necessary in mid 
wifery It is also useful in dentistry, particularly where onl a fe" 
cavities have to be prepared In such cases the production of 
analgesia is easy, economical, and charactensed b> lack o after- 
effects 

Tlie student will do well to expenence this analgesic state himself, 
so that he can explain the phenomenon to, and appreciate the feelings 
of, a patient under similar conditions But experiments wnth anass* 
thctics should never be performed unless a 'second person is present 
Numerous fatalities have been reported through failure of the oxjgen 
supply, or the postponement of the removal of the mask until the 
capacity to do so is lost 

The anesthetic most popular for the production of analge'-n is 
nitrous oxide If this is mh^cd, mixed with the requisite amount of 
air or oxjgen, the student will find on testmg his skm with a «tonle 
needle that while the sense of touch remams, that of pam is absent 
Instead of a sharp and painful pnek, the sensation is that associated 
with prodding the sk,m with the blunt end oi a pm Subjective 
Symptoms vary with the mdivudual patient At this stage he 
Will probably be conscious of exhilaration and a feehng of warmth 
throughout the body This may be followed by lassitude and a 
sense of remoteness from what is going on around Sudi a state 
is quite pleasant if the patient resigns himself to it If, on the other 
ftand, he makes an effort — inevntablj unsuccessful — to keep con- 
trol of his faculties, he may become vsomed by lus inabihtj to 
do so 
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ANALGESIA IN DENTISTRY 

The success of analgesia from the patient s point o! view depends 
largely on gaming his confidence at the outset and convincing him 
that if only he will surrender himself completely to the pleasant 
drowsiness he need experience neither pam nor anxiety Once anal 
ge^ia IS established the an'esthetist must remam m contact with the 
patient mamtaming his co-operation by a constant reassuring chatter 
The patient is now particularly open to suggestion and the right word 
spoken at the right moment may make all the difference between 
comfortable drowsmess and an hyatencal outburst Some kmd of 
premedication for example aspinn 10 IS gr given to an adult one 
hour before operation js a valuable additional aid 

Not all patients are suitable subjects for analgesia A certain 
amount of understanding is required to appreciate the existence of 
a state in which the sense of touch is present but not that of pam 
An excitable hysterical patient may lo«e control and scream or 
laugh makmg operating an impossibility unless complete ana^thesia 
is induced It is rare to find children trusting or co-operative enough 
to be suitable for analgesia 

AU kmds of caMt> preparations and deep scaling can be performed 
under analgesia Cavities situated at the cervical margin are par 
ticularly suitable They are generally in Hie front of the mouth and 
so are readily accessible and the debns can be washed or wiped away 
easily Such cavities are often multiple and are always particularly 
sensiti\ e Analgesia allows the dentist to work rapidly so that several 
cavities can be prepared at one sitting The task of dealing with 
cavities m the molar region is much more difficult and the danger of 
exposing the pulp is correspondingly greater Access is not easy and 
the illumination of the back of the mouth is often unsatisfactory 
The tongue or sponge may get in the way and it is difficult to keep 
the cavity dry and clear of debns If a spray is used the pharynx mny 
be irritated initiating retching or vomiting 

Analgesia will abolish pain only of a certain degree The stimulus 
of severe pam may easily overcome the bamer even of deep analgesia 
and smce the patient s mental faculties at this stage are impaired 
the response to this stimulus may be uncontrolled action Tor this 
reason analgesia is unsuitable for more extractions than one or two 
simple ones in patients who appreciate the limitations as well as the 
advantages of analgesia 

Tlie patient should be made comfortable m the chair and asked to 
relax It is explained to him that whilst he will recognise the vibra 
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tions of the bun* he \\ill not be hurt He should be told to imagine 
he IS sitting m an arm chair enjo3rmg a rest and leaving all the 
vork to the dentist and anaesthetist He is not to talk, but if 
he feels any discomfort (the word “ pain ” is avoided) he can show 
this by breathing more deeply through the no&e, when the situation 
wall automatically correct it'^elf, or by signalling with lus finger so 
that the anaesthetist may make any necessary adjustments to the 
mixture 

A small prop is put in the mouth and the head is tilted slightly 
foniard, making any saliva gravitate towards the salivary ejector, 
which placed under the tongue The nose piece is held some distance 
off the nose and gradually lowered into position It should never be 
necessary to use the mouth-cover The patient should be talked to 
contmuously, and, even at the expense of repetition, encouraged to 
relax Four or five breaths of undiluted nitrous oxide are giv en before 
air or oxygen is introduced Air has some advantages over owgen as 
a diluent, for the introduction of a mmute excess quantitx of the 
latter causes a disproportionate loss of the pain reducing qualities of 
nitrous oxide and so makes it difficult to maintain precisely the desired 
le\el of analgesia Except in plethoric individuals (p 56) it is not 
necessarj to reduce the oxygen or air intake to lev’els which result in 
cjianosis 

It IS impossible to lay down any rule for determmmg when the 
desired analgesic state has been reached, but it is usually attained 
after about four to five full breaths of nitrous oxide, after which it is 
maintained by the addition of oxygen or air so that the oxygen per- 
centage in the mixture is in the neighbourhood of 15-20 A sponge 
should now be msertedm the mouth (not far back), with the explanation 
that it IS being placed there to remmd the patient to breathe through 
his nose In point of fact its mam purpose is to trap any tooth frag- 
ments or debns Care must be taken by the operator not to catch the 
'=ponge jn the revolving drill 

Analgesia gives splendid opportunity for the development of team 
work The anesthetist should signal to the dentist to begin and should 
tell the patient, " Mr Jones is gomg to examine your teeth, and if you 
feel the slightest discomfort I want jou to breathe more deeply 
through the nose" The dentist begins on an insensitive part and 
gradually increases the stimulus. The dentist and aniEsthetist must 
not speak to each other but can convey messages by signals That 
a particularly sensitive part is being drilled may be betrayed by an 
involuntary upward twitch of the comer of the patient's mouth This 
mfonmtion should be communicated to the dentist, as it may assist 



30S ESSENTIALS OF GE*IERAL ANESTHESIA 

him in localising and avoiding the root canal Minor variations in 
the depth of analgesia ate of little importance provided the anesthetist, 
by patting the patient on the shoulder and talking to him in a simple, 
straightforward manner, keefs m touch with him almost continuously 
It IS easy, particularly for the plaad patient, to slip from the state 
of analgesia into unconsaousness, so caution must be exercised in 
promising a patient that he wiUremam awake throughout Sometimes 
•he whole procedure is so comfortable for the patient that, even though 
he IS bemg given only a weak mixture of nitrous oxide he falls mto 
what appears to be a natural sleep and he describes it as such when 
he wakes up If a nervous patient dozes off for a short period he may 
be alarmed when the analgesic state is entered again unless he is 
reassured 

The after-effects of analgesia m dentistry are negligible if it is not 
continued longer than about ten minutes Prolongation of this time 
may be followed bj vomiting particularly if the postenor pharyngeal 
wall is imtated bj dust particles or the sponge There may be no 
warning signs The patient appears to be sleeping comfortably when 
suddenly one or two contractions of the diaphragm occur and are 
followed by vomiting which is projectile in type The dentist should 
not succumb to the temptation to prolong the sitting much longer 
merely because analgesia has already progressed smoothly for seven 
or eight minutes 

SELF-ADMINISTERED ANALGESIA 

Self administration of nitrous oxide or other inhalation anesthetics 
for the production of analgesia is becoming increasingly popular m 
midwifery m surgery to allow the toilet of wounds to be earned out 
pamlessly, and m dentistry 

Various machines have been devised to enable a co opierative 
patient to enjoy ivith safety the advantages of this state, even though 
the practitioner devotes only a small part of his time to its production 
and maintenance The way m which safety is achieved vanes m 
diHerent machines, but the mam pnnciples involved are miih nitrous 
oxiit \i'j air vrfiet ports are so arranged ftiat the patient rannot mha'ie 
nitrous oxide without at the same time drawing in air through the 
ports, or (ii) although the patient at first breathes undiluted nitrous 
oxide the reservoir becomes exhausted by two or three full breaths, 
after which air onlj is sucked m through an inspiratory valve, and 
uilh chloroform or vtnesthene (lu) the jKitjent by squeezing a hand bulb 
forces air tfirough a small head of the hquid anajsthetic, and the vapour. 
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freely diluted wth air, is inhaled The strength of anesthetic vapour 
inhaled is controlled m part by the vigour with which the bulb is 
squeezed and the supply ceases altogether if the patient falls asleep 
(iv) A mask apphed firmly to the face has two inlet tubes normal 
respiration takes place solely through the short one which is open to 
the air, but a deepemng of resparatoiy effort causes anjesthetic vapour 
to be drawn through the second tube (fig 227) 


Minnitt’s Gas and Air Apparatus 
The machine is of the intermittent flow type i e reducmg valv es 
are so arranged that gas is liberated only during mspiration The v alve 



no. 220 
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mechanisms are illustritcd 
and de'^cnbed on pp 302 and 
303 'Nlmnitt has modified 
the mechanism ‘vliown in fig 

217 so that when the patient 
breathes m gas from the 
reservoir bag he must at the 
same time draw in air from 
the room Tlie outlet from 


the NjO reservoir bag (Q, fig 217) is obstructed a metal disc T 
Wien the disc is on its seating (fig 22J) it both obstructs the outlet 
of the KjO reservoir bag and prevents the ingress of air to the patient 
20 
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through five small holes (only one, marked X, is seen m figs 221 
and 222) WTien the patient inspires, a negative pressure is created 
withm the breathing tube (W, fig 220) and the weight valve T js 
raised Gas now flows m from the reservoir bag and air is drawn in 
through the mr ports (fig 222). The size o{ the air ports deter- 
mines the concentration of the resulting NjO/air mixture The Minmtt 
machine aims at delivering nitrous oxide 45 per cent air 55 per cent — 
a mixture which provides adequate analgesia for the great majontj 
of patients 

Mmmtt's apparatus is the only one recognised by the Central 
Midmves Board for use under certam conditions by midvvives, and 
of necessity it errs on the side of safety Since patients show individual 
variations and the machine is standard the degree of analgesia must 
be imperfect for the resistant ’ subject The mam criticism that can 
be levelled against the apparatus 
IS that since the mixture delivered 
to the patient contains 11 per 
cent oxygen, analgesia is cstab- 
Iished relatively slowly, and is 
therefore ineffective for a woman 
in whom labour pains are abrupt 
in onset and short lasting 

Chassar Molr’s Apparatus 

(fig 223) 

A reducing valve is fitted to 
the cylinder and the gas bag 
reservoir fills slowly througli a 
very fine jet which is automatic- 
ally shut off when the bag is 
fuU W^en the patient holds 
the mask to her face she inspires 
undiluted NjO until the bag is 
empty, after which air is inhaled 
through the inspiratory valve X 
As soon as the bag his been 
emptied, it begins slowly to fill 
By thii method analgesia is 
quickly established, but its dura- 
tion is limited 
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Junker*s Bottle 


Thts IS connected by rubber tubing to an open face mask covered 
with lint The patient by squeezing the hand bulb forces air through 




hquid chloroform , the vapour is earned ^,rh 

freely dduted with air which comes through the lint TOe str k 
of the vapour mhaled depends on the 
tempemture of the liquid chloroform, the amount of liquid in the 
and on the thickness of the lint 



i fir, 025 liquid chloroform instead 

^^lth a bottle of the design *’6 -f^-^^ticnt s mouth if tl.e 
of \apour wnll be blowm on to the accident %anous safet\ 

tubes arc wrongly connected To Prev ^ illuslmtcd in fig 226 

devices ln\ e been suggested, and one 
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When the tubes are connected correctly the ball is raised from its 
seating when air is pumped through the bottle, but if the tubes are 
wongly connected it prevents the downward passage of liquid 
chloroform \Vhate\cr safety device is mcorporated, the apparatus 
must be tested every time before use 


Young Simpson’s Inhaler 



ri& 227 


The short tube 
(A) made of cellu 
loid IS prolonged 
for about an inch 
by very thm soft 
rubber tubing 
drawn over its end 
The long tube (B) 
ts connected to the 
bottle contaming 
the anssthetic 
The patient 
applies the mash 
firmly to the face 
Normal respiration 
takes place solely 


through the short tube which has two openings to the air (see arrows, 
fig 227) The distal opening, consisting of the free rubber end. 


remains patent when inspiration is quiet, but is closed by the approxi- 


mation of its sides dunng a vigorous inspiratory effort (inset) 
Amesthetic vapour is now drawn in through the long tube 




S liaiuS bellavis or spring bag n Aw 5'!'’ 

H control handle , this corresponds to tap H in g - ^ j ether \-apoar m 

Th* figures on the scale repre^nt cJosel> the volumes per cent o 
the ether/air mixture deli% ered 

cliapter the principles on tthtch the vapon^r works arc illustrated b> 
showing how it is used to t olatilise ether 

* 1! the vaporiser is to be used (or nnoa^tiis is miintuned 

lion must lie made in the temperature at ishich PP 
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For reasons which will be apparent later the apparatus shown below 
IS not suitable for producing deep anesthesia with ether 



Fio 2'’9 — A s mple type of vaponser 


Inspiration — When the mask is held firmly to the face the in 
spiratory valve is raised and air is drawn in By means of the tap H 
the ait can be directed straight to the patient or as above diverted 
over the top of the liquid aniesthetic before it reaches the patient 
W ith the tap in an intermediate position («ee fig 234) part of the air can 
be made to travel through the anjesthetic container the remainder 
being by passed direct to the patient 



Fic 230 


Expiration — The inspiratory valve and the rubber flap valve 
close expiration takes place through the expiratory valve 

VAi'Om OF ETHER 

The concentration of vapour m the saturated atmosphere above the 
surface of a liquid depends solely on the temperature of the liquid 
If the temperature changes the concentration of vapour in the air 
above the liquid changes accordingly 
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Fig 231 — ^To show the approximate percentage of ether vapour lathe atmosphere 
immediately abo%e ether at \anoua temperatores ranging from — 116 C (frecring 
point of ether) to 34’ C (boiling point of ether) 


II the temperature of a liquid amei.thetic m a contamer can be kept 
constant there will be above it a supply of anresthelic vapour of con- 
stant concentration 

\ considerable amount of heat is. required to convert liquid ether into 
ether vapour at the same temperature WTicn ether is administered 
from a Boyle's bottle (fig 57, p 171), or from an inhaler such a» that 
showTi in fig 229, this “ latent heat of vaponsation '* is not supplied 
from an outside «ource, and therefore is taken from the liquid ether 
it'seU , the temperature of the ether fall', accordingly and with it the 
percentage of ether vapour m the air immediately above it 

In the Oxford Vaponser a supply of heal is a\ ailable v) that the 
temperature of the liquid ether, and con’icquently the concentration 
of ether v'apour above it, is kept practically* constant despite Io'"> of 
heat due to evaporation Since the concentration of ether vapour m 
the apparatus i> high and constant, the anaisthetist, by* directing the 
patient’s inspired air partially or wholly over the surface of the ether, 
can. aii^u-st Uvt ijsccceoJtag.caC ctUet vaj^mu.c dnlvvcirerl tn tb/i patient ta 
any desired and known level 

The use of an electrical thermostat to maintain tlie temperature of 
the ether coiastant was ruled out owing to the danger of cxplo'ion. 
Instead, u<e has been made of the natural energy re^erv oir afforded by* 
the crystallisation of a molten «ub>tancc, in this ca'-e calcium chloride 
Wlien cry>.lalline calcium chlondc fc» heated its temperature n>cs 
uniformly until its melting jxMnt is reached when, dopitc continued 
licating, the lempeniturc of the substance remains constant until it is 
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all transformed into liquid after which the temperature of the liquid 
would nse agam if the heating were continued A considerable 
amount of heat is taken up by the calciam chlonde dunng its conv ersion 
from the crystalhne into the hqmd state at the same temperature and 
on cooling this latent heat of fusion is given out by the substance 
when it crystallises (i e freezes) again 
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At the outset at room temperature say 18'’ C all the calcium 
chlonde IS in a solid state (fig 232) Sufficient hot water is poured into 
compartment C to raise the temperature of the calcium chlonde m the 
middle compartment to melting point SC* C and then to melt a large 
part of the calcium chlonde (fig 233) In this way the temperature 
of the adjoining ether container is raised to approximately dO” C 
As the patient draws air through the chamber A causing ether to 
evaporate the fall in temperature which would otherwise occur is 
prevented because the heat lost bv the liquid etler is immcdiatel} 
restored from the molten calcium chlonde a fraction of which goo 
back into the solid state That part of the calcium chlonde which 
crj’stallises gives out its latent heat of fusion (or melting) and this is 
absorbed bj ether in compartment A In this way the temperature of 
the liquid ether and with it the concentration of the ether vapour/air 
mixture m the vaporiser is constant as Jong as some of the calcium 
chlonde remains m a liquid state 
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The partially molten calcium cfalonde m the mter\ enmg compart 
ment acts as a heat buffer taking up heat from the \%ater at any 
temperature abo\e SO'^C but releasing heat to its surroundmgs so 
that their temperature is maintamed efiectively constant at 30® C 

USE OF THE HAND-BELLOWS 
A spnng bag reservoir, or band bellows (S figs 228 and 235) is 
incorporated between the vaporising chamber and the patient Mlien 
the bellows expands it draws in air through the inspiratory valve 



(fig 229) and vihat part il any of this air is directed through the 
vaponsing chimber is determined by the position of the tap H 
The bellowts is not on e.sseuJjaJ part oS the a/>paratjis but Jt js oi 
value m certain situations II ts in no way a rebreatJnng bag since a 
one-way rubber flap valve situated near the mask ensures that expira- 
tions are directed entirely through the expiratory valve (fig 230) 

(i) Tlje fact that the patient is breathing can be appreciated at 
a distance by watching the movement of the bag On inspiration 
the bag empties slightlj, but the recoil of the spnng within it 
causes it to re-expand drawing air through the inspiratory valv e 
(it) In ca e of necessity the bellows can be u«cd to perform 
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artificial respiration The tap H is set so that air only is drasvn 
into the bag The expiratory valve K is screued dowTi and the 
mask IS held firmly to the face with the jaw drawn fonvard, so 
that the ainvay is clear On pressing down the bellows, air will 
be forced into the patient’s lungs The mask should now be 
lifted momentanly to allow expiration, due to the elastic recoil 
of the lungs, to take place This manausTe is repeated as often 
as IS necessary 

(in) When antesthesia is to be induced with ether only The 
mask la placed lightly on the patient's face The tap H is set so 
that only a small part of the air draivn in pas<!es over the surface 
of the ether, and the resulting weak mixture of ether v’apour in air 
is delivered to the patient by the anesthetist compressing the 
bellows Wlien the bellows is released the spnng causes it to 
re-expand, drawing in a fresh supply of ether/air mixture The 
tap (or control handle) is moved so that the concentration of ether 
vapour m the mixture is increased steadily and as rapidly as the 
patient wall tolerate it As <oon as the patient is unconscious the 
mask IS applied firmly to the face , it is now no longer necessary 
for the anesthetist to deliver the anicsthetic mixture to the patient 
by compressing the hand bellows, since the patient will draw in 
the mixture himself 

(iv ) Tlie bellows can be used as a tts « (ergo to deliver the ether/ 
air mixture to the patient when tlie mask cannot be maintained 
on the face, as for examine when a Davis gag is used during 

tonsillectomv 
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(v) In certain cases to hasten the onset of surgical anssthe'ia 
^^^le^e induction has been earned out by a moderatelj large dose of 
a short acting intra\enoui barbiturate respiration is depres ed 
The patient s larynx can be accustomed to ether x-apour or the 
lungs may be inflated with the aniesthetic mixture by setting the 
control handle to the appropnate position and w orking the hand 
bellows By the time normal respiration is resumed a high 
percentage of ether vapour will be tolerated by the lar^iix 


THE OXFORD VAPORISER USED \VITH ETHER 
>*o matter how it is administered ether vapour imtant to the 
larynx If a concentration greater than can be mhaled comfortably 
IS administered the laryngeal defence mechanism will be set in action, 
with resulting coughmg or laryngeal spasm The art of ether anais 
the«ia therefore is largely that of subduing a patient with a non 
imtant anaesthetic until anesthesia is deep enough for him not to 
resist inhaling a concentntion of ether vapour sufficient to prov ide the 
required depth of surgical anaesthesia 

On (he rare occasions when ether is used for induction as well as 
maintenance of an{esthe«ia the aiuesthetist sliouJd proceed a in pira 
graph in onp SIS 

Frequently unconsciousness i> induced wnth pentotlnl tnbro- 
methanol or nitrous oxide and the on-et of surgical arucsthesia is 
facilitated by introducing the induction bag (i b fig 237) between the 
face piece and the expiratory xaKe The face piece iv m circuit with 
the ether \aponser throughout but the induction bag can be cut off 
from the circuit by movnng the lever to the OFF position NMien 
the lever is in the ON position the induction bag !> fuUv in circuit 
wath the face piece so that rebreathing takes place freely into the bag 
The amount of rebreathing which takes place in and out of the indue 
tion big IS determined by the position of the lev er 

Ethyl chlonde can be sprayed through the opening m the cap (fig 
23S) or the cap can be removed and vnnesthenc or otlicr liquid 
anasthetic pioured vn (fig 239) 

The lever of the induction bag is gradually moved into the ON 
position and in this way the patient comes under the influence of what* 
ev er anresthetic is m the induction bag ks '«on as aruesthe. la deepens 

sufficiently the control handle of the v'apon cr (H, figs 228 and 232) is 
<et at the appropnate po ition commonlv 10-15 and the lever of 
the induction bag gradually moved to the OFI position If the 
concentration of ether \ apour is too high to be tolerated comfortably , 
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Fro 237 


the induction bag can again be brought into circuit for as long as is 
necessary 

When the patient inhales freely the desired strength of ether vapour, 
the induction bag is removed and the depth of anssthesia is regulated 
by the position of the control handle 
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CHAPTER XXXI 

LEGAL 

The law, m laying down but few pnnciples regarding the responsibility 
of the an^thetist for accidents, both grave and trifling allows the 
3udge and 3ury considerable latitude in the conduct of any particular 
case LegaUy it is not even necessary for the administrator of an 
aniesthetic to possess a medical or dental qualification, though 
Halsbury states, ' A man should not, however, undertake to do 
work of skill unless he is fitted for it and it is his duty to know whether 
he IS so skilled or not * 

Although a doctor or dentist is presumed to have had the training 
necessary to enable him to an*sthetise for dental ojwrations with fair, 
reasonable, and competent skill, mere possession of a registrable 
quaUfication is not in itself either proof ol ability or sufficient answer 
to a charge of incompetence or negligence The law grants certain 
pnvileges to the medical and dental professions and exacts certain 
standards of practice The practitioner s umvntten contract with the 
patient is that the former will exercise reasonable care and average 
skill A practitioner ivho has not given aniesthetics for many years 
may not possess the expected degree of skill, and is advised to decline 
to administer an ansesthetic except in ca^ of emergency If the 
patient pays for a speciahst in aniestbesia, the standard of skill which 
he IS entitled to expect is as high as the latter professes to possess 
The fact that a fee is not charged in no way dimmishes the anies- 
thetist’s responsibility to the patient This applies equally to pnvate 
or hospital practice 

Production and super\nsion of anxsthesia is a senoUi undertaking 
Although a registered dental or medical practitioner is within the law 
if he aniEsthetises his patient as well as operates on him, he should act 
in this dual capacity only in case of absolute necessity and never in 
order merely to earn an additional fee, nor when the services of a 
competent anasthetist are available and the patient can pay for them 
If a ebun against the dentist arose out of an accident occurring under 
such conditions, he might have difficulty in establishing that he was 
justified in fulfilling the functions both of operator and anaisthetist. 
There are indeed circumstance which justify the dentist in administer- 
ing the anaesthetic to his own patient Thus, the financial position of 
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the patient may make this course necessary , or the only practicable 
alternative may be to call in an inadequately skilled family doctor, w ho 
might prove more of a hmdrance and even a danger than a help 
Blame for failure to extract the tooth successfully is almost m\ anably 
attnbuted to the extractor and not to the anjesthetist * The family 
doctor, who m his student daj^ may never have seen a skilled dental 
anaesthetist at work, often fails to realise his own incompetence m 
this field If he anaesthetises the patient too lightly or too deeply 
he embarrasses rather than helps the extractor The dentist who 
gives his own anaesthetic has generally had the advantage of a proper 
training in this specialised branch of anaesthesia m his student days, 
and he may even have taken post-graduate mstruction m the subject 
After he has induced smooth anaesthesia, he is able, with the assistance 
of a nurse or mechanic to steady the head, to operate more efficiently 
and with greater peace of mind than if the patient were in the charge 
of a medical practitioner le«s experienced in dental anesthesia than 
the dentist himself 

ProMded the dentist has been tramed m the administration of 
anaesthetics, there is no reason why he should not act as an®>t]jetj>t 
for extractions by a colleague, but he should confine him«elf strictly 
to the use of drugs with the action of which he is familiar ^o^nalIy 
these would be nitrous oxide and ethyl chlonde Ether is generallj 
considered to be outside the dentist's province In our view , cnloro- 
form should never be used for dental operations We abo think 
It inexpedient for a dentist to administer any intravenous anes- 
thetic, although if he has familiarised himself with the associated 
dangers and difficulties there is no logical reason why he should 
not do so 

W'hen the dentist’s nurse or mechanic assists in giving the anas- 
thetic, responsibility for the choice of the ansesthetic and its administra- 
tion hes entirely on the dentist , but if the operator has the help of a 
quahfied dentist or doctor as anaf>thetist the respionsibility dev olves 
upwn the latter, whose liability m this respect does not differ from that 
assumed m administering any other drug Since it may be necessary 
to modify the aniesthesia at a moment’s notice, the anxsthctist must 
aluaj’s be free to act as he thinks advisable in the circumstances 
The onus both for the choice of anasthctic and for any damage directly 
attnbutable to its use must be borne by the anasthetist, and cannot, 
in ordinary circumstances, be made to devlilv e on other parties Tlic 
anaisthetist should therefore not emploj any amcsthotic procedure of 
which he doe» not himself entirel> approve 

Legal actions where the claim is made that the patient has suffered 
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because due care and skill have not been exercised by the anaesthetist 
and dentist are not infrequently successful One of the most senous 
accidents that can befall a patient during a dental operation js the 
entry of a foreign body into the air passages This may occur without 
dentist or anesthetist becoming aware of the accident, and it is not 
necessanly the fault of either Although in fact neither may be morally 
or actionably blameworthy, there is a strong presumption that one or 
other of them is culpable, and if the accident occurs in the absence of 
reasonable precautions there may be no defence at law Even if 
proper precautions have been taken, the dentist is in the wrong if 
after an operation, and before removing the pack he fails to make 
sure no foreign body is m the mouth and if he fails to examme the 
teeth remaining m the mouth and those extracted to see if any tooth 
or portion of a tooth is not accounted for Further, when the pack 
IS removed, the operator should again satisfy himself that no loose 
body remains in the mouth or oro*phatynx Finally the dentist is 
blameworthy if he fails to take proper action if any tooth or portion 
of a tooth IS found to be, or suspected to be, missing 

During a dental operation the three faults which most frequently 
contnbute to the entry of a foreign body mto the lungs are failure 
to insert a mouth'pack in such a position that the laryngeal opening 
IS reasonably guarded, operating on a patient when he is restless, 
and failure to remove immediately from the mouth any dislodged 
tooth, tooth frj^ment.or filling Packing off the mouth isof paramount 
importance, and it is a universally accepted rule that no operation in 
the mouth under general an««thesia should be undertaken until the 
larynx has been protected as adequately as possible by a pack against 
the entry of a foreign body The efficiency of the pack vanes m 
different circumstances 

For short operations in the dental chair it is quite impossible to 
arrange the mouth pack so as to provide absolute protection For 
this ideal to be achieved, the larynx ivould have to be occluded and 
the am\'ay thus obstructed If the pack is placed too far back, 
retdung reflexes may be miliated and make the operation practically 
impossible At the same tune the soft palate may be pushed against 
the postenor pharyngeal wall and seriously impede nasal respiration 
For simple extractions, a coarse-meshed marine sponge provides a 
very high degree of protection as long as the dentist ensures that it is 
placed advantageously throughout the operation, and that it is replaced 
by a fresh sponge as soon as it becomes soaked in blood and mucus, 
which macli reduces its protective properties The pack is sometimes 
provided by the ansesthetist, and often inserted by him mlo the 
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postenor part of the mouth before the operation begins The anass- 
thetist almost m\anably stands behind the patient and therefore 
cannot follow the changing conditions in the mouth so that the dentist, 
as soon "as he begins to operate, assumes rci-ponsibihty for the position 
of the pack even nhen he did not insert it himseli He often finds it 
necessary to change its position to meet the needs of the operation, 
and he must bear the responsibihty for the con'^equence of any such 
change 

\\Tien an anaesthetic is given badly the patient ma> be restless or 
struggle, thus increasing the chances of a foreign body slipping out of 
the forceps, an accident which can occur even in the most favour- 
able circumstances Then unless the throat has been adequatelj 
packed, there is a danger of the loose body entering the trachea 
If the responsibihty here must be borne entirely by one pei^on we 
regard it still as belonging to the dentist for he should decline to operate 
if the ansBsthesia is inadequate 

Major dental operations present totally different problem> These 
are generally performed at home or m hospital often under ether 
aniesthesia The deeper the unconsciousness, the more nearly ccniplete 
is the abolition of all reflexes, including the protective coug reflex, 
and therefore the more essential it is to safeguard the larynix ITie 
only sure way of secunng the patient s safety is to admmisi r the 
anastlietic through an endotracheal tube and then to pack the throat 
in such a way that the lary-nx i» completely protected Unles« this 
procedure is adopted an extensive jaw operation m the supine position 
can easily degenerate into a shambles Conditions are equally un- 
satisfactory for both dentist and anaisthetist The amesthetist has 
difficulty in mamtammg a clear ainvay and may be unable to provide 
smooth anesthesia If even a small degree of respiratory obatrucnon 
occurs. It produce5> venous congestion and increases hemorrhage, 
and therefore the dentist often has to work by «ense of touch m a 
pool of blood ^^Tlen the field of operation b> thus ob-cured bv hemor- 
rhage, the danger of entry of a foreign body is alway s much increased 
This IS especially so if the patient is in the supine pOj>ition Penodically’ 
the operation should be suspended and blood and debris cleared 
aw ay , but ev en w hen this precaution is taken the situation is potentially 
dangerous, and it may be further complicated by vomiting Anyone 
who has witnessed a major dental operation or any otlier prolonged 
operation on the jaw in these circumstances wad realise that the stage 
IS well set for an accident In an action arising out of the lodgment 
ofaforeign body inthelungMnthcsecircumstances.ifajury exonerate 
the anaesthetist from blame for not providing endotradieal amsthesia, 
21 
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they might as well toss a com m decvdmg how to apportion blame 
between anesthetist and dentist 

Greater anesthetic skill and experience are required for major 
dental operations than for the average operation for, say, herniotomy 
or appendicectomy Multiple extractions are seldom emergency 
operations, and we feel that the doctor should avoid ansesthetising 
for such cases if he cannot pass an endotracheal tube He would 
not undertake any other medical procedure unless he could carry it 
out proficiently , neither should he anaesthetise m circumstances where 
he cannot pro\’ide both safety for the patient and the operating con- 
ditions which a dentist is entitled to expect We realise that endo- 
tracheal ansesthesia is at present regarded as being beyond the province 
of a general practitioner, but as medical knowledge grows the boundanes 
of legal negligence expand We believe that in the future it will be 
held to be negligent to perform a major jaw operation without endo- 
tracheal anesthesia 

In an operation under endotracheal anesthesia the anesthetist 
can pack off the back of the throat in such a way that it is impossible 
for a tooth, tooth fragment, blood-clot or any other foreign body to 
enter the larynx, and it is customary for him to undertake this duty 
Before beginning to operate the dentist should verify that such pro- 
tection is complete, and thereafter assume responsibility for the position 
of the pack 

It IS a counsel of perfection that the portions of a tooth broken 
during extraction should be pieced together by the dentist and a search 
made for any missmg fragments We should record that in a very 
large number of cases at which we have assisted, the tooth and filling 
have broken into so many pieces that an attempt to follow this advice 
would have been ludicrous In the difficult question of the correct 
procedure after such an event, the dentist's own conscience is his best 
guide as to what course to take If the dentist considers that the 
pack has been effectively placed, and if he cleared away debns at once 
when the tooth fragmented, usually he feels satisfied that there cannot 
be a foreign body inside the patient, and if he has this conviction no 
further action need be taken \Vhen the dentist has reasonable grounds 
lor suspecting that a foreign body is lodged somewhere inside the patient , 
he should adopt a line of action which will ensure the patient's safety 
The pohey of trusting to luck and of saying nothing is in these circum- 
stances entirely reprehensible, font may lead to the death of the patient. 
The question of whether extensive radiological examination of the 
jiatient’s head, chest, and abdomen should be undertaken must first be 
decided Some teachers hold that this should be done in ev ery case 
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where a tooth fragment remains unaccounted for It la our opinion 
that X-ray exammation should be made if the missing fragment is 
considered large enough or characteristic enough to throw a recogmsalU 
■'hadott, but that if it is thought unbkely that the fragment would 
be recognisable radiological!} such an examination is not necessar}' , 
indeed, it may eien pro\e misleading, since ‘shadows at the hilum of 
the lung may rouse the suspicion that a foreign body is in the thorax 
when this, m fact, is not the case Also unless the missing object is 
metallic, negative radiological findings are not concIu';ive e\ndence 
that there is no foreign body inside the patient We ha\e known 
radiological examination to be ordered by the dentist when only a 
small fragment of tooth was mi'^sing solely to protect himself m the 
event of subsequent litigation, and this m the ca<;e of a patient suspected 
of an inchnation for redress may well be a desirable precaution, since 
by «ome it is regarded as supporting endence that the dentist has 
made every effort to safeguard his patient 

The treatment of a misplaced fragment, the location of which is 
identified after the accident is discussed on p 275 If radiological 
examination is considered unnecessary', or if it is undertaken and fails 
to reveal the situation of the foreign body, the patient or a sensible 
relative and aLo the family doctor should be informed of what has 
happened Bulky residue foods should be advised for about a week, 
m case the foreign body has been swallowed (p 273) Any chest 
complaint which does not clear up must be regarded with suspicion, 
since It may be the beginning of a lung abscess If an action should 
arise for damages due to a foreign body in the lung, and if the dentist 
has not taken the course indicated above, he will find himself wath no 
defence because he has not acted with the reasonable judgment and 
care to be expected from him The following instance^ m our own 
expenence illustrate these pomts 

1 On many occa«!ions when one or other of us gave the 
an'csthetic, a small piece of tooth lias not been accounted for On 
each of these occasions it was thought that the mi-'^ing fragment 
was i!N> sisali tc he recegiasohie jsdicOqgMaJJy amiwig Jbe ibadows 
cast by nbs and by glands in the hilum of the lung It was 
considered correct not to X ray the patient nor to acquaint him 
wath the full implications of the 'situation, as this knowledge 
would be an unnecessary mental burden to a nervous patient 
He was told to report at once if he developed a cough during 
the next few months and, at the same time, full details vvere 
communicated to the familydoctor In none of these cases did a 
pulmonary lesion subsequently develop. «o it can be as'^umed that 
21 * 
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the missing fragments were either s^valIo^ved or were lost outside 
the bod} 

2 The writers so far as th^ know, have anjesthetised only 
one case m which a foreign body has entered the lung An 
upper eight was being extracted under nitrous oxide in the 
dental chair As the extraction proved difficult the amesthetist 
lowered the head rest and extended the head to provide better 
access After some minutes the tooth was extracted and dentist 
and anaisthetist congratulated each other on a job well done 
Anresthesia was tranquil throughout and the patient did not 
cough at any stage The man continued at Nsork and four weeks 
later he became ill and influenza was diagnosed The pulmonary 
condition did not improve, and an X ray examination disclosed 
a foreign body located in the lungs This was identified as a 
piece of amalgam filling, which had been dislodged unnoticed from 
the adjoining molar tooth dunng the course of extraction Ar- 
rangements were made for bronchoscopy to be performed On 
the prexnous evening however, the patient rolled over m bed and 
the sudden change in position presumably jnoxed the foreign 
body This precipitated a bout of coughing dunng which the 
flihng was expelled with such force that it cxconated his soft palate 
A claim for damages was made and as the dentist had not exam- 
ined the mouth after the extraction the patient was deemed to 
be justified m his claim and the matter settled out of court 

3 Onl} once ha\e we thought it necessary to have the 
patient X rayed directly after the operation A lower wisdom 
tooth broke while it was being extracted An eleiator was then 
used after which the root socket was found to be empty but the 
root could not be found X ray examination revealed that it had 
sUpped under the mucous membrane distal to the socket It was 
remoied with ease without further anesthesia 

An anesthetist may sometimes be held responsible for damaging 
existing teeth or bridge work Before beginning to induce anesthesia, 
he should therefore examine the patient's mouth and make a point of 
noticing any loose teeth, crowns, or bridge work He should be 
particularly careful to axoid using a Mason s gag on such structures 
He may also damage the front teeth when he uses a laryngoscope m 
•SAdfix tfi m evd/jArw-bAal Vefcft Tba 'ift. 
diminished b} providing aniEsthesia of sufficient depth to relax the 
jaw and bj protecting the front teeth with a thin sheath of malleable 
lead or adhesive plaster 

Actions claiming damages against dentists and anaisthetists for 
fracture of the jaw occumng dunng the course of extraction are not 
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infrequent That such accidents can occur ^\^thout carelessness on the 
part of either makes it all the more imperatn e that a Mason s gag 
should be used with great care particularly when the jaw is knouTi to 
be fragile 

One of us has anasthetised fi\e cases m which the jaw was 
broken dnnng dental extractions Although in four no undue 
force was used nevertheless the jaw broke during the actual 
extraction In the fifth a large amount of bone covenng an un 
erupted lower wisdom tooth on the nght side was removed from a 
powerful man This tooth w-as evdracted successfully and it was 
decided to proceed vnth a similar operation on the opposite side 
During the use of hammer and chisel on the left side the jaw frac 
tured on the right side where it had been weakened by the extensive 
removal of bone A Mason s gag was not employ ed in any of these 
cases but if it had been used and used roughly it is ea«y to 
understand how it might have caused or contributed to this 
accident 

In inquests on deaths dunng anaesthesia the anaesthetist la always 
asked if he examined the patient and if he can state that 1 applied 
a stethoscope to the heart and chest he is considered to hive done 
his duty although such bnef examination as is possible in il c dental 
surgery is in fact valueless II it could be expected to assi t m anv 
way we would be very much in favour of it and we think jt worth 
recording that it is a common custom for the aniesthetist to go tlirough 
the formality of examining the patient simply to protect hinisclf it 
Ian For this purpose we have known the mere pretence at eximma 
tion to be made the stethoscope being applied outside the coat and 
the patient then pronounced fit We ^heve tliat a patient who does 
not volunteer a Instory of illness and who is able to walk into tl o dental 
sujgery can be presumed fit enough to submit to a short dental 
anaisthetic The an-esthetist should be able to form an opinion of the 
patient s general condition at a glance but in any case the In tory 
yields much more v aluable information than does any airsory phy ‘'ical 
exammation The patient may for example rev eal the prc^nce of 
myocardial degeneration by saying that he cannot walk upstairs 
without becoming short of breath whereas an ordinary rtutinc 
examination of the heart miy disclose nothing \\c do not believe 
that any routine examination such as would nonnally be made by an 
auTstlietist in the dental surgery is in any way helpful and therefore 
we do not consider it to be negligence to omit examining sucli a jiat lent 
before an ordinary short dental extraction 
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One disadvantage of a routine examination is that some patients 
do not realise that It IS routine andarealanned leanngthat it indicates 
misginngs about, their health Others mterpret a physical examina 
tion to mean that they are going to be exposed to a greater strain 
than is m fact the case On the other hand there are patients who 
welcome a brief examination and even ask for it m which case it 
should not be omitted There are some anjesthetists who behei e that 
eiery patient about to be aniesthetised is womed about his heart 
and that it la therefore desirable to applj a stethoscope if only to 
create an opportunity for reassuring the patient The only substantial 
reason for the examination of an apparently fit patient before a short 
anaesthetic in the dental surgery is that it will contribute to his peace 
of mmd and thus facilitate anaesthesia If it is considered that it 
will not achieve this object it should be dispensed with In a case 
where the patient is examined he should be reassured as to his general 
fitness before the anaesthetic is begun 

The following wamuigs embody the ideals which should be aimed 
at in every case though it is recognised that m certain instances 
they may not be easy of attainment By attending to these pxnnts 
as carefully as he can the anaesthetist will do much to protect himself 
against litigation 

Ne\er if it can possibly be axoided act both as dentist and 
anaesthetist — ^Admmistration of an anaesthetic is a full time job 
Ne>er administer an anaesthetic unless a third person is 
present — Obsert ance of this rule «afeguards the administrator agamst 
false charges of misconduct The presence of a third person is an 
additional advantage inasmuch as lie can be called upon to assist m 
emergencj 

Never anaesthetise a patient unless his consent to be 
anaisthetised has been given — WTien the patient is under 21 he 
i> legally a minor and the permission of the parent or guardian should 
be obtained 

From the legal pKunt of view the dentist and aniesthetist should 
have pnor authority in writing for pierformance of the operation and 
administration of the anesthetic In private practice it is most unusual 
for this written permission to be asked for, and the patient s assent 
to be anzeslheti^ecl is therefore commonly taken as being implied 
Never give an nnmsthetic unless adequate first-aid equip* 
ment is to hand — A Mason s gag and tongue forceps are essential 
Never leave an unconscious patient without a trained person 
to look after him — It is the aniesthetist s duty to see that the 
patient is safeguarded until hisretum to consaousness If recovery 



IS likely to be protracted it is customary for this responsibility to be 
delegated to a nurse The exigencies of a busy operating day in 
hospital seldom permit the anaesthetist to accompany the unconscious 
patient from the operating theatre to hi^ bed although in pnvate 
practice he should always do The amesthetist should then satisfy 
himself that the patient is protected from bemg burnt by hot water 
bottles that his position is such that his airway will not become 
obstructed and that any blood mucus or \omitus wall run out of the 
mouth instead of being aspirated A Ifason s gag and tongue«forceps 
should be kept by the bedside until the patient is conscious Tinally , 
before the an^sthetiat leaves he should make it clear to the nurse 
that the responsibility for the patient is being left in her hands (p 252) 
One of the first expenses which the young medical or dental pne 
titioner should incur is to join one or other of the recognised defence 
organisations viz the London and Counties Medical Protection Society, 
Victory House, Leicester Square I-ondon W C 2 the Medical Defence 
Union Ltd 49 Bedford Square London W C 1 or the Medical and 
Dental Defence Union of Scotland Ltd The public is becoming 
increasingly " litigation minded, and if eserythmg associated with 
an operation does not proceed exactly as hoped for a patit it i» some- 
times encouraged to believe that he is entitled to damage In such 
circumstances the patient has much to gam and little to Ij c but 
the practitioner Is m exactly the rciersc position In order t preient 
his name figuring in the Law Courts he may be blackmailed into 
paying large damages eien where none haie been meurre i either 
legally or morally Any of the defence organi'^ations is prep^’-cd to 
defend with the utmost \igour the practitioner who fincL himself m 
thib situation and if necessary is in a position to take a case to the 
House of Lords Unjust claims ha\e often been withdrawn soon 
as It became known that the practitioner was protected by a powerful 
Soaety and m defending claims which have ^ome appearance of being 
justifiable the practitioner has at hib disposal the vast expencnce of 
the Society 
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